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' STRONOMY 3; is allowed to ka the 30 t vſcful 

as well as the moſt ſublime ſcience that ever 
engaged the human attention, and the proper foun- 
dation of this ſtudy is Spherics ; for all the heavenly. 
bodies are ſpherical, or nearly ſo, and the concave 
„ which inveſts our globe, and in which thoſe : 
bodies appear at equal diſtances from the eye, is re- 


preſented by a ſphere, upon which circles are drawn, | 


and arcs and angles meaſured with perfect mathe- 
matical preciſion. Thus the moſt important pro- 
| blems, both of Aſtronomy and Navigation, are per- 
formed; ſuch as finding the time of the riſing, ſet- 
ting, &c. of the heavenly bodies, finding the varia- 
tion of the compaſs by azimuths and amplitudes, the 
latitude by altitudes, and the Ne by . Jung 


obſervations. 


By che word Sies is a W any | 


-_ _  orbicular body, but the term was appropriated by 
the Ancients to an . of Kreles and conſteil- 
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M1 PREFACE. : 
lations repreſenting the Primum Mobile. The in- 
vention of this ſphere is aſcribed to various perſons, 
but it. is evidently too remote to be traced by any 
authentic hiſtory. The Chineſe “ had a knowledge 
. of the Sphere at a very early period, from whom it 
was probably tranſmitted to the Chaldeans, and thence 
- into Egypt and Greece, but was moſt ſucceſsfully 
ſtudied in the famous ſchool of Alexandria. Here 
Fuclid, the celebrated Geometrician, wrote a Treatiſe 
1 on the Sphere, entitled, Of 2 the Phenomena, which 
=. explained the moſt intereſting parts of ancient Aſtro- 
4 nomy; ſuch as the Right and Oblique Aſcenſion | 
of the heavenly bodies, with the various other phe- 
nomena which ariſe from the apparent diurnal revo- 
| lution of the Primum Mobile. This work is ſup- 
| poſed the firſt on the ſubject perfectly geometrical ; 
it ſerved long after as a model for other performances . 
4 of the kind, and 1 is ſtill extant, but * tearce, 


* 
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| Abd ce who flonrithed about two centuries. 7 
after Euclid and one before the Chriſtian era, is ſaid 
to have laid the foundation of Spheric Trigonometry. 5 

In ſucceeding ages it was e on Ptolemy, FE 


* Ruai, 2400 ans. avant EF: C. Ke faire une here d'or PE 74 528 i 
de pierreties, ou l'on voyoit les ſept planetes et la fe au milieu. 
Martini's Hi Py of China, page 76. 1 e [7 


I Thales qui naquit a Milet Gar ans avant J. ©. port de 

a 'Egypte dans la Grece la connoiflance des cereles de la ſphere, 
Juſques-la ce qu'on avoit entendu par la ſphere \ n'ẽtoiĩt que la de- 
ſeription des conſtellations. See the late H. Balh⸗ 's admirable Hi . 
gal wy Ancient Ons Page 196, 


* 


Theodofius 8 


| Ts "Þ FACE * 
7 -Theadafus, and 3 ; and much is aſceibu to 
Sieber, a learned Spaniard, who lived in the fixteenth 
cCebntury; but the moſt conſiderable improvements 
are thoſe of Lord Napier, both by his Propoſition of 
Circular parts and his invention of Logarithms. | 


* 


Within the preſent century many learned Fo 
have been written upon this ſubje&, chiefly. Oe 
Meſſrs. Robertſon, Walker, Emerſon and Sim pſon; 
by La Caille and Mauduit in the French, and oy. - 
7 Cagnoli i in the Italian; and improvements have been 
made in the more accurate ſolutions of certain caſes —_ 

of Spheric Triangles by Dr. Wee the e 

15 Aſtronomer Royal. > 


It may ſeem e e that while f many 


5 great men have contributed to carry the theory to the 


higheſt degree of perfection, none have condeſcended 
to ſimplify the practice, or to write la treatiſe adap tec 
to the common purpoſe of ſcholaſtic inſtruction ; 
though ſomething of the kind has been ſo much WY 
wanted, that thoſe who taught the ſcience have been 
moſtly obliged to digeſt manuſcripts to teach by. 
Part of the preſent work was originally compoſed Fs 
this uſe, without any view of publication, and the 
great requeſt which has prevailed for Spherics ſince * * 
its application to the Longitude, induced the author Sir 
to Ng and publiſh his manuſcript. 1 „ 


33 


i 1m is not however vrefarned, that this Ha mots. 
| PO the uſe. or r neceſſity of thoſe learned ſyſteins 
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already publiſbed, being rather intended as an intro- . a 


duction to them, but it will be found particularly uſe- 
ful to perſons who cannot devote much time to ma- 


tthematical inveſtigations, and who chicfly want that 


part of the innere, which is e in . : 


"2 * 


T8 4 58 object of the 1 wah; is to ads ns 
| Stereographic Projection eaſy and familiar. This 
ſubject has been hitherto treated in a ſtyle intelligible 


only to perſons converſant in optics ; which, though 


gneceſſary in the theory, may be diſpenſed with in 
practice; and even the theory has been objected to, 
4dã2s more ſcientific than the nature of the ſubject re- 


quired; and the late Profeſſor Sanderſon of Cam- 
the 
1.3. * greateſt difficulty to underſtand Dr. Halley's De- 
4 monſtrations, that the angles upon a ſphere were 
equal to their repreſentatives in the Stereographic 
% Projection; but when he had laid aſide the De- 
e monſtrations, and conſidered the ſubject in his o] mn 
5 © way, he faw 7 clearly that i it muſt be ſo.« 


bridge was heard to obſerve, 1 that he found 


* Dr. Reid 8 Enquiry into the Human Mind, p 124: 


In the preſent work the rules uf Stereographic Pro- 
jection are explained in a plain, practical manner, and 
exemplified by comparing the Figures to the cor- 
reſponding poſitions of a globe. In the aſtronomical 
part, each problem is firſt ſolved upon the globe; 
the poſition of which is then repreſented or taken off 
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1 dy the Projedtion a method which has the moſt. 


- ſenſible and obvious effect in ſimplifying the ſubject, ED 


| though it is believed, it Has: not e hitherto pag | 
into practice. 8 


| "In order to mes the 1 of F na = 
more, the figures are laid down from the large ſcale 
of Gunter, which is ſuppoſed to be in the hands of 
every learner; and as moſt of the Projections have 
been meaſured off on the plates immediately from the 
© ſeale, it is hoped they will be found as correct as the © 
unavoidable, and ſometimes Ln OR of 8 85 


- paper would permit, . 


1 great uſe of cortect . 0 is 5 
not perhaps in general ſufficiently appreciated. 1a 
our univerſities, projection of any ſort is but little 
attended to, for here the ſcience i is ſaid to be ſtudied i 


more with a view to improve the reaſoning faculties, 


than to derive any advantage from practical applica- 
tion; but even in this view it muſt be owned, that 
nothing contributes more effectually to fix the atten- 
tion to the ſubject than' drawing the figures under 
_ conſideration : when the hands c co-operate with the 
head, the faculties are more collectively, more ſtea- 
dily, and perhaps more agreeably engaged, and the 
impreſſions thus made on the aa are the more 
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Projection toe + he bighly advantageous 
even in the theory of pure ene but it is 
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6 FE P R . F wo c : 
indiſpenſibly neceſſary i in the practical baten! ; nor 


does it appear of greater conſequence in any part than 
in Spherics, where all the circles of the heavens and 


the earth, with their relative poſitions and diſtances, | - 


are correctly repreſented. to the eye within the limits 
of a ſmall piece of paper. Thus a complicated ſub- 
jet is explained by a ſimple operation, and a diffi- 
cult taſk averted. to an Oy: and OO amuſe- 
ment. 5 | 


| While correctneſs "Fr d mplicity if An bow" 
been here attended to, accuracy of calculation has not 
been neglected. The problems are all brought out 
to ſeconds, a degree of nicety ſeldom obſerved in 
e though abſolutely neceſſary i in aſtronomical 
{ ON LOL. | | 5 


— 


In the laſt en a general v view is taken of the 
| longitude, and of the various methods hitherto de- 
viſed for determining this important problem. The 
manner of finding the longitude by the lunar obſetva- 

tions is explained at ſome length in an eaſy, familiar 
Way, and the principles are illuſtrated: by Stereogra= 
 phic Projections, frorfi whence rules are deduced for 
ee the correction. As this ſubject had not 
been attempted before, it required the more conſidera- 155 
tion, which has led to the diſcovery of a method of 
| ſolving the problem by the projection of four right 
lines from the plane ſcale; and though this method 


cannot be inſiſted on as perfectly correct, yet, con- 


fidering the complicated nature of the problem, and 


I. 


— l : 5 2 x 1 
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8 great OI lei of ua ROPE * degree of 
accuracy muſt be a matter of ſurpriſe rather than of 


animadverſion, as it will be found ſufficiently correct 


for the general purpoſes of Navigation. Where per- 
fect accuracy is required, this method will be uſeful 
as a guide or check to calculation: and it is hoped 
that the extreme facility of the operation may tend to 
render the practice of taking lunar diſtances more fre- 


8 8 the generality 15 Kamen. N 5 
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2 The Book cohokuhas with a new method of W 5 | 
: ” ing the lunar obſervations, which has the peculiar 


advantage of being performed by fines only with one 


tangent. The various methods hitherto deviſed for 
folring this problem dif play great ingenuity and learn- 
ing, but they ſhew at the ſame time (what might 
be otherwiſe demonſtrated) the im poſſibility of doing 
it by an operation much ſhorter than that which muſt 
take place in the ſolution of two ſpheric triangles. 
Thoſe methods therefore have been chiefly uſeful as 
| ſubſtitutes for Tables calculated to ſeconds ; ; but theſe | 

- being now provided by the publication of Taylor's 
Logarithms, the regular method by Trigonometry is 


certainly preferable to any other: this Dr. Maſkelyne : 


ſeems to allow, by adopting it in his Introduction to 
the above Tables; and the method here given is 
founded on the fame principles, but ſo contrived as 
to avoid the interference of coſines, which greatly 
aſſiſts the memory and prevents miſtakes. Nor i is 
the advantage of ſimplicity its only recommendation: 
* . is at kaſk equal to bee other in con- 
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eifmals Ge it may be . chat fond of the 
others are not in reality ſo ſhort as they appear: for 
' Inſtance, Dunthorne s, which is generally confidered | : 
the moſt conciſe, requires ſometirnes a tedious opera- 
tion in taking out proportional parts from the vinth 
and 1xth of the Requiſite Tables; and none of this 
| work appears in the Examples. Another difficulty 
occurs in the diſtinction of caſes; but in the me- 
dh here given no diſtinction of caſes obtains, no 


pro rtional parts are to be taken, nor can there be 
any confuſion of Tables, or time loſt in turning from 
one to another; and this latter circumſtance tends 


very much to expedite the work; for by the help of 
n formula (as given on the laſt plate) and one perſon 


| heing employed to read out the fines, while another 


ſets them down, the operation may be performed in 
about a third of the time generally neceſſary where 
ſeveral Tables are to be conſulted, and where no ſuch 
preparation is made; and the ſolution thus obtained 
muſt be perfectly correct, being founded on the un- 
erring principles of Spheric Trigonometry : : nor is it 
even liable to thoſe ſmall inaccuracies which may 


ariſe when the anſwer falls near go* in the Table of 


Sines where the logarithmetic difference | is very 
ſmall, for here the reſult comes out the ns of half 
the true diſtance, and this cannot be near 90, as the 

whole diſtance is never more than 1200. 
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Upon the whole, he e * has been 
to unite correctneſs with i kmplicity, to obviate dif- 


5 | „ Acuohies. 


CTC 
Beülties hitherto untemoved, and to render a wilt | 
but abſtruſe ſcience more eaſy and acceſſible. How 
far theſe objects have been effected he now humbly 
ſubmits to public deciſion. He only begs to urge in 


mitigation of errors the great difficulty of attaining 

perfection in a work, which has ſome claim to origi- 
nality both in the plan and execution; a work which, 

from the variety of new projections and calculations; 


required much labour and attention, and which has 
been entirely performed during the hue] h ours of - 


borious Prot 
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Mis work is given in two Parts, each of which is divided 
into 1. Pas and numbered with the Roman numerals. 


The firſt Part is ſubdivided 3 into Articles, which ein with * : 
1 continue regularly to the end. Theſe articles are alſo marked 
with the Roman numerals, but ſomewhat ſmaller than thoſe of 


| | the Sections. 


The references which are made throughout the work and which 
are incloſed in parentheſes, refer to preceding Articles: thus 0 
f — 15 Article the 8 
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the Diagram, on 2 w_ - - rt 
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Terms which do not come under the De efcription of Es 
Circles, Arcs, or Angles of the Sphere oe” 
Aſtronomical Tables = = . 
vn. Projections of the Spbere EE 
20 8 et 1, upon the Plane of the Ai . 
. 5 25 upon the Plane of the Horizon Yo | 
5 ; „ 3, upon the Plane of the Equator - 
| * 4. don the Plane of the Ecliptic — 


- | heavenly Bodies ; alſo the Time when they riſe, ſet, or 


Auimuths, &. = - 
1. pon the Latitude; in which are given vorious Mithad 
of finding the Latitude of a Pls «©  -» 
= Upon the Longitude.——General Remarks upon the Lon- 
gitude, with a comparative View of the various Me- 


Lo find the true Lunar Diftance by @ new, conci iſe, and 
- univerſally correct Method of Calculation „ 
From the true mag Diftance to ON the Langitnd 


| = yur. umi! Problems; ſuch as finding the Latitudes, 
—_  - | Longitudes, Right Aſeenſi ons and Declinations of the 


are in any certain Alias ; with N 1 | 


_ © thods of determining this important Buſhes = 
Of the Lunar Obfervations Cs - 
O correcting the. Altitudes of the obſerved Oi 
From the corrected Altitudes of the Mov. and Sun or | 
Star, fo find the true Diſtance < — - 
To projet? a \ Lunar Obſervation ferugraphically, and 
thence to eſtimate the true Diflance _ = - 
To ſolve a Lunar ee by a new and fo 887 2 2 
tion — — 2 5 5 
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Page 8. line 14s for alternate read dee! 


27, for AB read AC. 


5 . 7 inſert Zen. diſt. ZO = 1089. 


22, for 50 read 50. 

22, for 7 | 
17, for ABC read ABE. | | 1 5 . 
28, for on b read on 83. 8 5 FF 


Ee FAE. 


ee ee 5 e 1 5 Fi 
inſert Fig. 24. See oo oy 


138, for CIX read CXI. 
5 1 » for Leg read Angle. 


for Adj. Leg AC read Opp. Leg BC. 1 


17, for Angle A read Leg BC. 
17, for Leg AC read Angle A. 
18, for conjunct read e 
23. For BC read A. | | 
| ge ls 133, &c. nod 9133, * be: 


5, for To Angle read To s. Angle. oy 
10 to 14, for As Side, &c. read As 8. I % 

2, prefix CLXXX. 3 

18, for PA read Pz. ns 


19, for AC read AB. 


9, fer Anology read . 
16, prefix CLXXXI. 


10, jor BA Nat Be Coon - bs ER 


5, For PB read PBC. 
5, for Apogean read Apogeon. 


| 13, for P read E. 1 
4. 6 and g, for 529 read 628. 


I, fer SOT read S I. e 5 


21 and 2 37 and three following Problems, For 260 : 
read 200. 


1 25! read % a a9, © 
eee 55 * . 2 | 
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Ox THE CHIEF PROPERTIES OF THE SPHERE. 
| SPHERE is a body perfectly round, ſuch „ 
| - would be formed by the rotation of a circle 
3 -about its diameter, the diameter being an immoveable 
V | I. . 35 . 
. Spherics is that part of the mathematics which = 


teaches to meaſure the arcs of circles deſcribed upon the 2 
ſurface of a ſphere. EE nd er a co 


* = ls a 3 
15 x 


— 


In this ſcience it is indifferent whether the ſphere upon 
ieh circles are deſcribed be great or ſmall, real or 
imaginary; it is ſufficient to ſuppoſe a ſurface per NY. Sh 


Fs hag without any regard either to magnitude or 


- 
> 2 - 4 
— ; : b 2 


Zh; The circles of the ſphere, that i is, pb circles de- 
' ſcribed upon a ſphere, are diſtinguiſhed into Great Cir- 
cles and Leſſer Circles. 
: b a 3 3 2 5 L D : S * . 
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centre of all et circles. 
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- weer n K R 1 Ges ay 
IV. ; Ab Great Circle Hivides the furt of the ſphete : 


into two equal Pn as 325 > cquator 1 the globe, of. 
the earth. DO 


V. A Leſſer Circle divides the ſarlilce of the bers 


into two unequal ta as any parallel of latitude divides 
Far 215 | 5 


> WI, A Lefler Circle a a Parallel Circle, re. 8 
5 ferring to ſome 3 circle to which it 18 parallel. 
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VII. If a ſphere were cut t by a hats into two equal 


= the ſeQtion would paſs through the centre of the 
"ſphere, and the circumference | of the ſeftion would be 


. „„ 1 33 eo 


_ A 
* 
; — . : g 
Fl 5 4 ps 
2 ; p 42 Ne ; 


VIII. Hence the.c centre of the ſphere i is the « common 


_ 
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1x. It alſo follows, that no two > great circles can he TY 


hs parallel to each other, but will croſs in two- points dia- 
2 metrically oppolite, on the ſurface of the ner. Hence 
Adãs every circle is divided into 360" 5 the two 8585 of i ' at 


e will be 180˙ aſunder. i 


x. If a arc 1 were cut by a plane into two unequal 5 


5 Parts, the ſettion would not paſs through the centre, but 
the circumference of the ſeftion would form a leſſer circle. > 


4 XE The great and leſſer ei of the ſphere are in-. 
3 for the manner of biſeCting a ſphere may Do. 
varied at every point of its ſurface; and every great ro Os 
cle thus formed, may be ſuppoſed to have an infinite 


yuraber of eller circles parallel. to it. 5 
XII. The 


5 7 Fra by Ts pes TER WT 5 EN 
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5 SPHERICS. 8 


XII. The neareſt diſtance between any two points on EO 1 5 


the farface of the ſphere, is an arc of a great circle ;— +». 
for ſuch an arc being deſcribed with a greater radius, | is 


lefs $ curved tare ue arc a any: lefſer . ST . 
SECTION 


—_ 


Or THE Pougs) OF Cineurs UPON THE SpuERE. 


XIII. EVERY. circle of the 3 has two a d. 
ametrically oppoſite to each other; and a right line drawn 


i through the centre of the Rs from 1 to , „„ 
called the axis.” 1 1 ZII Pot ad 3 ; 
| JJ on Cn = 
: XIV. The GY: of a 5 els are e 90 itil 
from every point of its circumference, as the poles” of we. 
- aun are each 90 from iy e ee 
. xv. The poles 1 a ker ele are at it Gk. 


aunces fromthe circle, as the poles of the world a are with 
T — . to 880 EI of mg e | 


XVI. No two grep Sc can 6 che! FIR poles, 


_ 5 | ( 1x) though all have the ſame centre ;—but any number 
N = of leſſer circles which are parallel have the line e 


e no two can have che as + centre. | Fen 


XVII. Tuo great 1 5 ES at ads 3 "x 

vaſe through each other's poles, and therefore, the pole 

= of a LE circle on the ſphere may 8285 found by de- 
8 y . B 5  ſeribing | 
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"Hg, two 5 great circles perp 
1 e circles Intenſe, N bY, the PPE) ene 


two circles at right angles to it, and they will interſect 
in the poles, The mes © of =NY lefſer circle Ay. be 
e in the fame manner. e 
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Or seurnle Auekrks. | 8 


XVIII. A SPHERIC PRES” is. e TH 55 . 5 
nation of two great circles on the ſurface of the ſphere 


wei in a e e 885 1 Point. 
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XIX. The "HER T4 a 1 8 is an arc of a 


greßt circle intercepted between the legs of the angle, | 


+ 4" 


90 1 diſtant e che ee PORE - 


Pet & 


** 


3 5 the ſolſtitial colure which is intercepted between thoſe 
= 1 arid is io Wee diftario 1 the . Aa. 


* © 


XX. Mets: the aus; point is abe wake of the great = 


circle which meaſures the angle; and the arc of any 
leſſer circle deſcribed round this pole, containing the 


ſame number of degrees with the great circle, is equally 


proper to meaſure the angle, NW BO. 35 880 9 5 ; 
are uſed for this purpoſe, 


endicular to ĩts FEY . 


Thus, to | Bug * 8 of the. Ns any 5 


+ Fila, ihe bs hich. the: equinodtal . 315 the 1 
| actiplic on the celeſtial globe, is meaſured by that arc of 


K xxI. The ä 
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r 4 
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SEA 

XXI. The Tp > practical way to meaſure à ſpherie 
4 is to find the diſtance: between the poles of the 
two great circles which form the angle for the great | 
circle which meaſures the angle is perpendicular to thoſe _ 


two circles which form it, and therefore paſſes through 
the poles (x v11). And as the ſe poles are equi -· diſtant from 


their reſpettive circles, (xv) cheir dillancs Eng is 


| the meaſure of gon ne - 0,5 16 oe OO 


- Thus, the ane been the 3 of the ecliptic 
5 1 equinoctial is the. meaſure of the angle * 5 
N two WEI male one 1 8 118 e ee | 


XXII. Tuo n circles 50 like tworight 958 5 
2 make the oppoſite. angles equal to one another, the 
alternate angles ſupplements to each other, and the four : 


"yes e to FOE 85 N he | 


0 Senxgie TxLAnGLES, | 


XXIII. A SPHERIC Tig 6 is owes Ee 35 = 
interſe&tion of three great circles « on the, ſurface of the x 


ſphere. 5 85 f : 


: 5 


xXxlV. Both the fides and angles of ſpheric triangles 


are computed by degrees, minutes, and ſeconds, in the 


. manner as e Sys in plane TOON. | ; 
8 2 | 3 . xxv. The 
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XXV. The three angles of a ſpheric e are cu” 
ways more than the three angles of a plane ee ; 
owing to the e of the e anne 


* . 


XXVI. The eee . 5 a Pherie 8 are 1585 8 


ways leſs than fix right angles; for one angle cannot be 


180 degrees, ( 1 8 805 and therefore the 1 8888 . 
muſt be on than 540“. . a 


- Thus, three angles of a ſpheric triangle may. vary. from 
Has more than 180 to ſomething lefs than 540"; 
and therefore, when two angles are given, the third is not 
| thence known, as in a plane triangle; but when the three 
8 of a ſpheric triangle are given, the ſides may be 
thence found ;——which cannot be ae in any plane 
WF I 


XXVII. Two ſides . a 3 b Uke ale of 
A plane one, are * N 58 he third. 


For te Gdes of a ſpheric ei are the rel dit. - 
tance between tho angular points (xi; and xx114) onthe 
ſphere, as the fides.of a plane triangle are the neareſt. 
7 RPA between the angular points Up a . 


XXVIIL The * ſides of a. ſpheric range" are — 
825 7 7 lefs than two  femi-circles, « or 9 * 8 
fi © any two . be cn they will terſe 
in oppolite- 3 the ſphere, and form two 288 
circles 1 80 | 


— 


"Now it is 3 PR the third be of hb 8 | 
ah the produced ſides, will make a new triangle ;— 
n as theſe two new ſides are e than the third, (the 

| Ln 


LR TT  _ 


| fide common to both triangles) ( XXVI1 the two ſemi- 
1 15 circles: muſt be e _ hes 1 1 925 of wo triangle. 
In tis e il differ + efonly Goh plane 

ones, the ſides of the latter being unlimited; hut in both 


XXIX. ; The . are common both 
to plane and ſpheric triangles, and 5 by demonſtrated 
= the 8 manner. 2 | 


0 \ The greater 485 Abena FO gender gde als the 
leſſer ſide che leſſer angle; alſo, 8908 . ſubtend 
_ e and the 929 0 HE 


* ; 


Two Gheric . are © to one another :—1ft, 
When the three ſides of the one are equal to the three 


des of the Art delten on is, e each. 85 . 


: Adly, When two i des and an e 3 of one 
are reſpettively equal to two ſides and an ee angle 
of the other. 5 


— 
* * 


_ gdly, When two © . 4 an inch ide of one ; 


1 e A 0 the, Ge 9. another triangle — — 


4thly, When two fides and their oppolite. angles, of ans 


triangle are. reſpectively _ to the ſame of another tri- 
5 _ 


wm 


——ä—ũ——— —— — > 


| XXX. Two ſpheric triangles are 0 to one another 
55 8 78 che three angles of the one are e reſpettively equal to 
5 7 1 8 „„ 


„ 


3 


= kinds of pgs: the Saen _ be of the ER rs 15 


8 ' 
C 
_—_ I woe DE mrs W's Ts 
EL NE SIRE EE ESD 


Oo PT ea 
n 
A 


P 
Deere 
P 


N 


I: A * 
5 


3 
1 

1 
17 
0 
: {) 
| 


SPHERICS! 


XXXI. Two hes of a  ſpheric winds are raid to 10 
ale, or of like affection, when both are obtuſe, or both 
acute but when one is more than go, and the other 
lels e are aid: to be RG or of different affeQtion. 


” 5 . 
— > 7 * * 8 " 


* 


1410 _ Hs manner OP two aj of a Meri: trian- ; : 


gde are compared together, they are ſaid to be alike, when 


both are obtuſe, or both acute; or, they are ſaid to be | 


| unlike, e one is een . the an acute. . 


5 xXxXxII. If, one fide of a. ſpheric lang be n 

ute exterior angle is leſs than the two internal and . 
8 . 19 858 . = 
Fas the 1 N and ia adiions ä are Ck 
equal to 180), ( xx11) and the three internal angles are 
more than two right ones; (xxv) conſequently, the exter- 
nal angle is leſs than the two internal and oppoſite angles. 
This is another eſſential difference between Ipheric Sou 


plane 1 8 3 
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| XXXIII. Spheric Pete he Rl ones, are 
diſtinguiſhed into equilateral, iſoſcelar, or ſcalene, ac- 


_ cording as three ſides a are equal, two 8 e or all 
" WE Innes. N 


XxXxXIV. Spheric Canes + are allo Aiſtinguiſhed h into 
. quadrantal, or oblique thus, when one of 
5 G is 90% it is 8 right angled; when a fide is 

c equal | 


Pe £4 


\ "hs three angles: of the other in this they differ PIES | 
e triangles; for the angles of two plane triangles max 


* be 0 al, aud he B's: VEE: 1 2 
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„„ * N 
£ * 
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*"&'Y > 
Ty +. 


| $enrnIos | 9 
equal to 90% it is called quadrantal; ; and when neither: a 


ide nor ge is Lge? , it is called e 0 


XxXxXV. 1 Ri . Spheric Fciangle: may. 1 1 
one angle, two, or all three right angles in the latter 
it is alſo e and 155 ſides and angles wy | 


| known. 935 ; ; | FC 4 5 5 5 15 


ö "x . 


xXXXVI. Ei 4 . ſpherie ariangle, like. . 
* lane one, the fide oppoſite the right-angle is called the | 
| kypothenuſe, and the other two the legs; but here there 
is not that proportion between the e and 8 a 
as in a e Pe ee 4 


# ; 


— 


8 XXXVII. Every fide greater han go „ . 5 
greater than the hypothenuſe; and 8 fide: 1648 wen 


90 degrees i is ers than the e 1 ieee 


| - XXXVIIL The Wr 1s: let than a „ 
8 11 the legs be of the ſame affection (xx x1); but it is 
„ . a NN in 0 the et be of. Gr an, 


The . is allo leſs. « or. greater than 4 qus- 8 
drant, according as the angles at the byporbemtls are 
ba of the ſame or of different affection. e 1 
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XXXIX. The FR Ee their oppoſe angles are al. . 
5 1 of the ſame affection. ; | 


Other 8 « ſpheric mange wi be deen 25 


in  Spherc . 
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V Or PROJECTIONS. | 


EXE THE moſt 8 cope of Serie N 
Triangles is upon a globe, but as figures cannot be con- 
See deſeribed upon a round body, recourſe _— 
be had to projektion n vg furkace. 
| *PrcheBion = the Gee is a reproſentating of all its 
great and leſſer circles, poles, & c. upon a plane ſurface, 
„ ſuch as they would appear to the eye, viewing them 
„d 1 5 certain diſtance, or in e certain 5 


In 7 FG Ae the ſphere, n one e half of its far. | 
"es is drawn, for the great and leſſer circles of both he- 
miſpheres are exatily alike: chis may be exemplified by 
ſetting a globe in any poſition, and the circles above the | 
n will be ſimilar to thoſe below it. 


XII. There are various e of ks auen = 
which depend upon the two following conſiderations :=—. _ 
flirſt, the diſtance or place of the eye e, che bo. 5 
ſition of 155 8985 as 8 whe ye. En); $ . 


Se a 


ar . XIII. The diſtance or place of the eye is e diftinguiſhed 
| by three kinds of projection, which are called Gnome- 
nic, Þ l 5 $ereographis. | : 


* ö 8 \ os e 


XIII. ono. 1 
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at the centre of the ſphere, from thence viewing its con- 


cave ſurface, This projection is very ulefuF in ſome 
parts of aſtronomy; but it is particularly e to dial- 4 


ing, being the foundation of that ſcience. 


7 


= at ſo great a diſtance from the ſphere, as to give it 
the appearance of a ſuperficies or plane circle; to pro- 


duce this effect, the eye muſt be ſuppoſed to be at a diſ- 
| tance 1 oy eat with PATE tothe EIN of the © 


. „ 0 i e 


«+ 


particularly, in determining the tranſits of planets over 


the ſun's. 2055 and in 1885 eee of TOs gin ſolar | : 


eee 


XLV. Stereographic Projeftion (which, ſhall be atone 


particularly explained i in the next ſection) ſuppoſes _ 
—m_ Owe at ſome p you of ie ſurfaces _ the ren Fn 


8 


This e e not only affords the 8 natural . 
| proſentation of the prominence and convexity of the 
_ ſphere, but is alſo performed with more caſe and accu- 
racy than any other; for in the gnomonic and ortho- 
graphic projeQions, the circles of the ſphere muſt be 
_ ſometimes repreſented by eliptic and hyperbolic curves, 
- which are difficult to be deſcribed accurately; whereas in 
ſtereographic projection, all the circles of the ſphere are 
repreſented either by circles or by right lines. The ſte-. 


reographic method is therefore juſtly” preferred to any 


other, both for its ſimplicity and correctneſs; and is the 
only kind of projection uſed in this work, * + e 
. %%ͤ;öé1 • rkũ XVLI. That 


8 p u E R 1 4% „ 
XIII. Gnomonic Projection pete the eye placed e 


XIIV. Orthographie „ e 8 eye 


This projettion is uſeful i in ſome pate of aſtronomy';' 15 
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SPHERIOS. 


ie three foregoing methods: ſome ſpecimens are 


ns wor all ſuch . 


3 We are, - befide che foregoing, v various other pro- 
5 jections of the ſphere, which do not immediately apply _ 
to Spherics, ſuch as the Globical and Cylindrical pro- 

Jeftions ; the Scenographic, which belongs to perſpective, 5 


and the Mercator's, which is applied in navigation; the 


5 7 Ac : z . 8 * FF 1 5 * * 
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He” £Do# m the. maps «of thi i: as e 100 be 
: gradually contraſted from the out-line to the centre, and 
therefore thoſe countries alone, which lie on the border 


of the map, are truly repreſented; this gradual con- 
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£ XIVI. That variety of projettions which alles from 5 
5 the: Tecond conſideration, that 195 the poſition Of the "I 
| ſphere, as preſented to the eye, (x11) equally. occurs in 


latter is ſometimes uſed in geography, but the common 

. maps of the world, and of countries, are all drawn upon 38 
ſtereographic principles. Stereographic Projection is 
* therefore neceſſary toward a proper knowledge of geo. 
graphy; but a globe only can 8 Wk true "pa es 
: dimenſions of ries, | | „ 


traction however can be allowed for, and diſtances cor- 
realy mea ſured; but theſe things can only be performed 
by perſons who underſtand ſtereographic projection. 
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or SruxzoorArue PROJECTION.” 


X KI VII. The term Stereugrapbie i is derived from 4 900 
Greek words, which ſignify to dgſcribe a Solid. In Sphe- 
rics it means a linear repreſentation : of the ſphere upon. 
a plane, ſuch as it would appear to the * VIEWS . 
from one point of its. ae i Le 


F 1 8 7 f x 5 * 
„ * "Ve 3 « 3 5 OS - 3 * 
A p * ee 7 * e 
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XI VIII. The eye 95 1 Is 1 to be 1 DES 


balf of the convex ſurface of the, ſphere; the circle there-/ 
fore which terminates the view, is a great circle, (1 5 and, 
dhe pace of the eye is the pole of this circle {x Fo 


XIIX x( In projecting the ras. that great eitele 
1 terminates the view is firſt made, and is caljed | 

| the Primitive Circle; the place of the eye, (its pole or 
centre) is called the Projecting Point, and the plane upon 
which the projection is ee 1s cave. he Plane of Pro- 


N 5 ; hon 4 e „CC 
N | „ OL LOS} £6: 


7 1 is eaſy | to conceive, 1 in ſuch e e che 
convex ſurface of the hemiſphere muſt he contracted to 


a plane ſurface of the ſame diameter as the ſphere, and 
therefore the primitive circle only will retain the pri- 


þ+ | 
* . 
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mitive radius of the ſphere; the inner great cireles will | : # 


appear gradually diſtended or ſtraightened from the pri- 
mitive to the projecting point; thus, the great circle 


next the primitive will be of leſs curvature, that is, de- 


ee with a ee radius than Gs: primitives, and 


. 5 „„ — this 
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[7 SPHEREC: „ 


Xx 


this effet gradually increaſes to the centre, or projecting - 
point, inſomuch that any great circle paſſing through this 
point loſes all curvature ; for being ſeen edgewiſe, it ap- 
Þ tone as a {Wet and * be projected er. 


2 Theſe Various APPEArAnces of the great circles in | 
| the projection, may be exemplified by viewing a thin 
ring or coin in any of the above poſitions: thus, when 
viewed horizontally, the edge will appear under its pro- 
per ſize and form; viewed obliquely, the curve will ſeem 
ſtraightened, and if held edgewiſe to the e it will e 
28 4 right: Ane, or Ser of the circle, — Or 


4 5 bo # 
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"If": an Giri ary che were cut li by a lace into two , 
quit parts, and one of the ſeQions ſet upon a table with 
a light at the vertical point, the ſhadow of this hemiſphere ; 
would exhibit a true ſpecimen of Stereographie 3 : 


4 82 15 1 „ ; 2 9 
- 


"5 


br 65 whe laws of dew in Pere the effefs 5 
of light and viſion are ſimilar, and therefore thoſe circles 
of the armillary ſphere, would appear under the ſame 
form in the ſhadow, as they would to an 1 in ne cores | 
of the light. ; 7] 


11 tlie Aion be fappoſed to pee e both den; 5 
it is eaſy to conceive, that the curvature of the great cir- 


5 cles in the ſhadow will gradually decreaſe from the out- | 


line to the centre; and that any great circle paſſing im- 


9 mediately under the brat Wy TRE) af ſhadow _ y NOOR - 


line. | 
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oO. THE. Ons 0s pes or THE Sruzaz ry TY L 
We e „ 
LII. FROM what has een aid, it is 1 that 
there can be but three varieties of great circles in the 


which encompaſſes the projection, as A Ghee ig. 2.) . . 8 


"ol always a diameter to and at right angles with the pfimi- | 
. ue as A B or CD. : , | I 


i Tight one andthe primitive, as AE B; it always cuts the + 
primitive in oppoſite points, as A and B (x); and 
| therefore, a right line drawn through the extreme points 


greater than that of the primitive ;—and it gradually en 


. e „„ F 


i ; s 5% 5 FI I's p * 5 5 6 # F 4 ; : . 


projection; theſe are called the Primitive Circle, a Rig : 
OS and an . circle. „ f 1 ” 1 0 


LIL. The S Che the outline firſt made,  -_ 


Luv. A at Grelle . great circle ſeen . 
Lv. ks oblique circle is * great UH binn „ a 4 


of an oblique circle, will paſs 8 che en 
. as 1 B paſſes ng at 2. 
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IVI. The . 4 an blen a is alot: ; 


creaſes as the oblique circle APRONS ute the F 


5 IE 


4 right line cp the clique « Arche at right nai ts 


and produced to ny neceſſary 1 is 1 the Line 
1 


* 
29 


PW S$PHERICGS. EE. 
© e . if x be te: centre of A E Bunk is | 


. Ke: line of meaſures. . 5 *. 


=. 1 lins upon u nich the centres of leſſer cites fall, 

3 a : + alſo called the Line of Meaſures. The properties of . 
5 leffer circles in the h ye be explained i in FO 

Dr ny erat oh VT 5 
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K LV. The A of the 1 circle is therefore. 
: the centre, letting Hun nee And, 7 
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5 5 The — pole 1 this 2 is 1 86 0 be in 
1 the oppolite Point « of the lower A 5 


IIX. The poles of. a bt circle are in che Sd 5 
OY 90 degrees from each end of the. right circle; thus, A and 
"ET B are the poles of che right circle CD D, and the DNS S 
0 tb D, are the poles of A B. | 1 8 
. 1x. The 0 of an le . is in tie Kine * 
1 e 90 es from the circle; T ef is the pole 
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: A K By tor Z E 5: they 2 0 2 airs 60 ich ll | 
be ſhown in article, XXIII.) TT 8 e 4+ 
2 EXIT. The PR 555 pole of fin oblighs ele is fuppoled. 5 
on the oppoſite point the lower hemiſphere it may be 
found in the projection by producing lines denen the Oe 
- PRINT Gy: ANG then called the ann Ra . 
1 SES W. 1 
2 5 Ble 2 . 5 Ss: : T „ 7 a : 


OR, Or THE F AND VUsz. or THOSE, Lixes>. 
| uroN GUNTER'S ScALE, WHICH ARE APPLIED IR 
5 Stalsocnarnie Hage ride „ : 
THE 1 of Gunter's 8 3 are « ſed} in 16. 
reographic projettion are the chords, ſecants, tangents, 
and ſemi-tangents; they begin atsthe middle of the” 


bY. 


N and : are e OR Sec Tan. and ST, 3 5 


„„ . o THE, Lans oF Cons. 5 


LxII. Def. The Chord of an \ Arc ISA . Se 
from one end of -the arc to the 8 thus the Tg UNS +. 


> A is the chord: or: the arc B A 


* F 


1 N a 


_ equal parts or degrees mark the tenth diviſions with 
their reſpet̃tive numbers, 12 20, go? Ke. to go. 
Then with one leg of the compaſſes on B, as a celnnry 
|| - transfer thoſe ſeveral diviſions of the arc: to the chord 
B A, and this marked with the ee figures of 


the arc will oy. a line of chords. „„ * 
7 I | ORs | ©" „„ XIV. Ve. 
„ - 
f 5 = * : 


ILXIII. Conſtr. Lats thiv'y are B A 5 Grided i into . : ; 


* 7 


Mm. SPHERICS. EIT 
IxIV. Uſe, The line of chords is uſed to projet the 


| « Drimitive circle, and any arc of the primitive is therefore 55 
FER Es xxmnaeai wy the FRDe ſcale. OS | 


As, BY ee; ACB D, Fig.n 25 | indeſeribed with | 

e ee 
maeaſured on the line of chords in the ſame manner * 

5 angle of 3 88 e SE „ 


. 


' Or THE. Lax or Taxoznrs—Fic. i. 


LXV. Def. The Tangent ea an Arc is a te. 
touching that arc at one end, and is always terminated by: 7 
a ſecant drawn through the other end... | 


: 75 


| LxVI. „ axe 8 4 divided : as 5 

1 fore, (Lx111) a ruler laid on C, and theſe ſeveral divi- 
ſions of the arc will give their correſponding diviſions, in 

3 line B E, which is thus made a Line of Tangents, : 


and is to. be qecordingly marked from Bto D Ex wit th 107 0 
30» ED 


LXVII. Ute. The Line of N is Ae « to and 
the cenues of . eireles 1 in the line of meaſures. . 
Thus, if 1t were MO to > projat the qu: videds, 
A E B, (Fig. 2) to make a given angle with the primitive, 5 - 

„ lie of this angle will extend from Z the pro:ꝛ' | 
lecting point, to x in the line of Ne nin * is ove „ 
centre of the 5 e faber A E B. WT ow 


a 


"The line of tangents is al 10 uſed ts | deferibe leffer e Cir- 


2s but this with i its A vis ſhall be 5 in — Pro- 
blems. 5 - 


o — ” 
{ - * 5 * 5 
8 1 
wk * - 3 
13 * 
o & ; * * 
_ K N : 8 ' 
* 2 ; 8 k 
A J : \ 


bs * 
IG 


© 7M 


drawn from the centre, through one end of the arc, and 
+ terminated by the tangent of the ſame arc: thus, a ruler 
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Or TAE LINE or SECANTS,——FiG. 15 


*% | ; L 


on C, and the ſeveral diviſions on the arc B A, will coin 


95 eide on the line of tangents with the correſponding figures 
of thofe diviſions, and the diſtances from C to theſe 


1 


he rt will be the 1 of theſe. arcs e 


LXIX: Contr. The Life: of hal 0 F, OY con- 


ſtrutted by taking the diſtances from the centre C, to 
the diviſions on the line of tangents, and with one leg of 
the compaſſes on C, transferring thoſe diſtances to the 


line C F, Which will 1 _ me es ee of the 


„ line of ſetaints, | . pr | OE Je 


„* 


Theſe diviſions are nn 0 om A towards! F, oe. 
as the ſecant of the ſmalleſt angle is more than radius, 
this diſtance (viz. C A) muſt be allowed before the line of 


ſecants begins, upon che e this OE] is ee * 


che line of lines. )%%%%%ͤͤ ( Cop 


3 8 1 ona oblique e - „%% ˖jde 
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LXX. Uſe.—The une of eins is 90 to 1 pro- 


8 jection of oblique circles: thus, if it be required to draw 


an oblique circle, (AEB) to make a given angle (C AE) 
with the primitive, the ſecant of the required angle is the 


radius of the oblique circle; if therefore this ſecant be 
taken in the compaſſes, with one leg upon A or B, it 


will find x in the line of meaſures, and x X is the centre of 
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Other uſes of this ſcale will be me vn in the Pro- 1 
blems. 5 : Eo 

= . or THE Lins « or Spxt-TANGENTS. —Fi6. be” . 


ILXXI. Def The e BE an Ap means he — 

| "tangent of half that arc: thus, C A is a line of ſemi-tan- 
. gents, and is equal to the tangent of 455 that i 18, equal to . 
N tangent of half the ee are e go ED 
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LXXB: ba . on D nod hy el I - 
beinen of the arc B A, will cut the radius C A inthe cor- 
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Here 1 is 3 chat che fond angent of 58 arc =( ſup- ; 
Toke 40˙ is equal to. the tangent of (209), half that arc; 
for by the 2oth Propoſition of the Third Book of Euclid, | 
an angle at.(C) the centre, is double an . (at D) at 


| 
| _ reſponding diviſions of ſemi-tangents, which are marked 1 
ee, > e 


| the ks Ws of a Oe. EO 
3 | The line of 1 is continued upon the unter, 5 

:» ; 

4 as far as the length of the ſcale will admit: theſe diviſions, 

4 8 beyond go degrees, may be found by dividing the arc 

1 i D A like the arc B A, and a ruler laid on D and theſe T7 

U ſeveral diviſions, would give the e ſemi-tangents 0 

1 upon the line A F. 7 

i h : | b | 

* | 

4 x LXXIII. \Uſe—The line: of £ ſrmianidhnt ts s applied 1 

i | to the meaſurement of right circles: thus, the arc ZE is 

1 | meaſured by this icale, and is 40 Beine 2. . 

| „5 LxxIv. "RL 
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| IXXIV. 1f the meafure of an arc of a right-circle be 
"ule from the periphery, toward the centre, it is recs _ 
| koned backwatd on the line of ſemi-tangents: thus, td 
arc C E will extend on this ſcale from go degrees down= 
5 ward to 40 en ſel is therefore 50 e 
Lx XV. The Pee” af 1 5 1d bite no rs . 
* fary connettion with the ſubject of ſtereographic projec= 5 


tion, but they are placed here to. ill 89 1 vacant 
| ſpaces] in the 8 45 


The line of 9 c B is e {Ws ava lines 
parallel to the radius C A, through the ſeveral diviſions of 
the arc B A, and the line of rhumbs is made by dividing. 8 
the arc A D into eight equal parts, and with one leg of the 
-- upon D, " cransfetring each diviſion to the chord 
2 As which will be the me of rhumbs. 
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| EEG. 8. VS 
Tut Usz OF THE 808 FURTHER EXPLAINED AND | 
| e e, . 


„ iir hon ſhewn in the ſoregoing de „ | 
: dahat the primitive circle is projected and meaſured by ibke 
line of chords, a right- circle by the line of ſemi-tangents, W i 


- and that an oblique cirele may be projected either by the ; ' 
ine of tangents. or of ſecants ; theſe properiing: will be 


P 6. w 


Ou. It better e 1 


„„ 
or — * 


„ s r HERI CS. „ 
: m underſtood 1 the Ones: , of the | 


IX XVII. 3 Jet i it OM Deng to Ss) an bs 
cirde, A E B, to make a given 8 ſuppoſe 50 degrees, 
with the e | 
1 Fir, with che ſweep 10 80 . b the line of 
e wt deſcribe the primitive circle A C B D, draw the 
„ right-circles AB and CD at right- angles to each other, | 
. and let either be produced as a line of meaſures —ſup- 


| poſe Cx. 


5 : LXXVIII. Then take the a 50 . ha 
Lo bee, angle, and vith one leg of the compaſſes on Z, 
the other leg will extend to x, the centre in the line nm. 
i meaſure. > 


: | Or, take the ſecant go degrees, and it will extend from 
A or B to x; for the ſecant of the angle is always the ra- 
- dis of the s e (LXVII.) 


| LXXIX. Now if uric 8 ZAF, be: laid off 
equal to 50 degrees, and the line A F continued, it will 
meet the lie 82 D (produced) i in x. . 


'F or E N thong the tangent 50 8 Jia Fs its ſe- fl 
8 cant, E LX XVIII) 1 it is obvious that Z F muſt be the chord, 
and 8 F we line of the ſame angle. 
| I XXX. * the age Z AF be divided into 
two equal parts by the line A p, and it is plain that Z p 
A the tangent of half go degrees; or, otherwiſe * 
„fis e lemi: cangent of zo degrees. 8 
8 1 + LH. :* 
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* : 8 5 % 8 N 
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CEE 


Let A p be continued to y, and let Z y be drann. 55 


Then 05 the ah Prop, of the third of Euclid, the ans. 
(6 Z y) at the centre, is double the angle (B A'y) at the 


periphery, and therefore the arc B 7 is 1 to the . 


n of 50 1 . 
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IXXXI. Hence the are 0 2 p) of a right KEE con- 


tains the ſame number of degrees upon the ſcale of ſemi- 
tangents, that its correſponding arc (y 5 of ths dame | 


contains upon the * of e 


— 


Thus any arc of a ae circle. may be a by 


en two lines from the pole of the eirele to intertept 


I . en een . 
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CWMF»weiL faind" mane, any = a 


- Oblique Circle is meaſured by drawing two lines from its 


pole to intercept the arc, and theſe continued to the ptr: => 


mitive will MS OE the required meaſure, - 


. all right and oblique citeles thay be cookdient as 
primitives, contracted (1), and therefore meaſuring them 


by their correſponding arcs upon the primitive, is as 


it were Teſorivg then to 5 hs a een | 
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C 4 SECTION 


the arc, and theſe continued to the primitive wil there 
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0 'THE . AND Vsu OF, THOSE — 
rox THE SECTOR WHICH ARE APPLIED IN { STE- | 


| REOGRAPRIC . | 


ILXXXIII. THE lines upon BY f:Qor wha are ap- 


ple in ſtereographic projection, are the ſame as thoſe 


upon the plane ſcale—namely, Cho. Tan. and Sec. they 


are conſtructed upon the ſame eee and may be 3350 
- in * lame manner. | 


4 


The docs than © 8 1 two 1 


conſiſts i in the ſame lines being entered doubly upon the 
- feQtor; viz, once upon each leg, by which they may be 


a: two a ys laterally, and tranſverſely. 


| LX XXIV. eres Diſtance, 18 that 1 „ 55 
or according to the line, (like the plane ſcale) beginning 
at the centre of. the Ant or axis of the ſector. - 


| IXXXV. T TE , in that taken croſswiſe, 
betweeen any two correſponding diviſions of the ſcales of 


the ſame name, the ſeftor being opened in an angular 
poſition. The ſcales of this inſtrument being marked 
with two or three parallel lines, the tranſverſe diſtances 


are taken with the points of the compaſſes ſet-on the lines 
next the inner edge of each leg, for Wale lines + als x run 
to the centre of the ſector. 
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LXXXVI. The 


£ 


* 


S PHI? 0 
LN VI. The proportion between lateral and tranſ. + 
| 1 diſtances, ariſes from the nature of ſimilar triangles; 5 
for, let the ſettor be ſet in an angular poſition, and it is 
evident that any number of lateral diſtances, with their 
tranſverſe diſtances reſpeRQively, form a ſeries of ſimilar 5 
triangles; and therefore, as any lateral is to its tranſverſe, 5 


hn. is 0 ocher A to Us UTE. 


.:: Pins, upp upon be line of ed parts, ee 
5 line of lines, marked lin: If the lateral 2, be taken in 
the compaſſes, and the ſector opened until this diſtance 


extends acroſs between the neareſt points of 4; all other 


_ tranſverſe and lateral diſtances reſpektively, will be to 

each other as two to one; that is, as the lateral two, is 

io the tranſverſe four, ſo is the lateral three to thetranf: 5 
. verſe fix _ ſo vu 5 other number. f 


* I 


: [4 


$ 7 . 6 
o . "I... 
a #7 4 . 


Tur Usz or THE ; Cronns ON THE SzcTOR. 


IXXXVII. The adage of FE: 105 ſcale of 55 
5 ae tranſverſely, conſiſts in being able to vary the 
ſize of the projection to any radius within the limits f 
the ſetctor. Thus, the legs may be opened or. cloſed to 


any propoſed angle, making the tranſverſe diſtance be- 
tween the points 60? and 60" of the ſcale of chords equal 


to the radius propoſed; and any angle may be meaſured 


: tranſverſely, nog Sou downward-1 to. KING. centre LAY the | 
| ue: Eg 


LE 
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| LAXXVIIL When as ls 1 is to hs a 5 | 
ſured or projected exceeds 60", (the limits of the ſeQor,) 
it is to be e by taking the angle in two chords or 
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„ SPHERICS. 


three, Thus if if it ve e eee off an ve of 109 : 
OG VVV:' 


With any ove of the 1 1 the BY When of 600, = 


| which is the tranſverſe diſtance deungen the THAO 
1 851 of the ſcale . chords. VC 


3 5 


Then lay off two 1 5 8 which will dk 5 os 4 


: * 40? and 609, or any other two or three chords 
under 60, which A e, e and 11 give — 
the * required, | FT 


1 


10 deſcribe the 1 in Fig. 2, wal ugs an 


are thereon, open the ſeQtor till the tranſverſe diſtance 

between 60? and 609 on the chords equals Z A; with this 
radius, deſcribe the primitive A CBD, and any arc 

thereonis meaſured tranſverſely SEVER the ſame lines of 


chords. ER GG 


"Tus ves or rus TAxGENTS oN THE Sreron. 


IXXXIX. Theſe feales wary: be 9 5 nn 


5 find the centres of oblique circles, or to meaſure the arcs 
of right circles, like the line ATT a 8 the Fe 


e | 


i There are two lines of Tangents _ each leg; the £ rt 2 


bers at the centre, and continues to 459 to the end of 


the ſector, theſe are called the lower tangents; the ſecond : 
begins at 455; one fourth part of the length of the ſector 
from its centre, and continues to 76" , ani theſe are cal. 
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, - To fad; 5 centre of an oblique circle, which makes a [ 
dine e wa the e pr rep e 1 
e ts 2k. | 

RC. If hs given angle be —_ 3 for the K i 
before (LX xxII), that is, let the radius of the eye | 
” equal the tranſverſe diſtance between the points 459 . | 
1 


lle lower tangents; and any tranſverſe of theſe lines, un- ; 
der 43%, laid off from the centre of the primitive on hs” 1 ö 
line of meaſures, will give the centre of che oblique cir- 
cl 1 
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"XCL. If the given 3 he'4 more us 45* 5 | then the | 
aperition. is to be e the "OP ney. wage . "+ 
3 Thus; i in | Fig. 25 if it ke to deſcribe anobliqus 5 25 | 
circle, AEB. to make the age” CAE cn 5% 19 


Take the radius of the primitive in the compaſſes, . = 
open the ſeftor until this diſtance will extend acroſs from | 5 „ 
thoſe two points of 45? „ which NPs the ed tan . 


- Then ks the att 50? "hl hes! 123 ale, 
and this laid off from 2. ll. give x the centre e 


XII. Any arc of a nk circle is nated by FE : 
s erde of the ie apa by opening the ſector till te 
ttranſverſe 453 and 45 on the lower tangents Ow thy: | 
ECD Wales of the Primitive. — As in Art. xc. 
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Thus, to meaſure the arc 2 E of the right circle, the 
ſector being ſet as above, this arc will N Te tangent. IS, 
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T's: which 1 is the half-tang. 40% US 1 


/ 


F 


— . JOE EO 
eee p 


* 3 
Due 55 : — 
2 6 e Td 1 
o 53.4 : 
- | - - 
y pur -_ . , # 
8 : . 5 BY F — 
8 is . ” g Hi £ N ? 
a ; #5 * * 1 F 1 
# ; 4 
% 


* 8 
— as . —— none Se Er 2 
Wes, ,.. Pte" r 
5 8 oh 3 


RN I eee 


- 
n ** 


Ft 
A 


F CR A SIT CD De EN EO TT > NIE IIIT 


* * 


— 


* 


4 


Wen the given. arc e Betis . the primitive, it is 
„ by finding its complement to the centre: thus, 
CE is meaſured by — 2 Ty as in the la _ and - 
 fubgraBting it from go” a 


* 


1005 che SO be n more ban 45 degrees proceed 5 in arti | 
de n OST 


Tur Usr OF THE Szcants UPON THE Stcror. | 


XCIII. The ſecants x the ſefior may be od to find 


he centre of any oblique circle :—this is performed by 


opening the inſtrument till the radius of the primitive 


circle extends tranſverſely between thoſe points whers 
\ the ſecants begin to be numbered, which are each 4 Tart 85 


of che length of the ſeftor from i its centre. VV 


Thus, the ſeQor i is uſed Sa the 3 opening f for the | 
ee as for the upper tangents. 5 


XCIV. 1f; it be el to find the centre of n : 
' circle, which ſhould make an angle 60: with the primitive, 


: AER in Fig. 


. the primitive with a radius equal to = Ng . 
verſe between the points where the ſecants begin (xc1v); | 
then the tranſverſe go laid off from A or B, will give x in 
the line of meaſures, which is the centre required, and 
this ſecant is therefore. the radius of the oblique circle 


There are -dakides the have lines on I ſQor, ſcales | 
© logarithmetic fines, tangents, and numbers, (as upon | 
the Gunter ;) theſe are uſed with the inſtrument quite 


open, as they extend upon both legs, The other lines of 
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| the PF 3 ſear are DO uſeful. in navigation, and 
are en in wok books 1 that 9 ms 


1 : 


The ſeQtor i is an arent 0 Se uſe in mo £ 
branches of the mathematics; its excellence in ſtereo- 
graphic projection is found where the ſize of the figure 

ſhould be varied (Lx xxöVI1); but where no ſuch Variation 
of radius is neceſſary, the plane ſcale is perhaps preferable: 
for lateral diſtances are taken with more eaſe and expedi- 
tion than tranſverſe diſtances; beſides, the given. radius 
of the ſeftor is liable to be moved from its poſition; 
whereas, the radius, or chord of 60e, upon the Gunter, 
5 e e i rn ol 


| What has 5528 bikers delivered Kine well under- x; 


ſtood, the learner may proceed to the Problems: Each 
of which ſhould have its appropriate figure, and the di- 
menſions may be varied at pleaſure; and nothing vill 
tend more to illuſtrate the ſubje than to ſet a globe i ing : 

—_— to correſpond with each figure. - 
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Thus, 10 ſet a le t corrgpond with Fig 2 | 


we” 


' Flevate cither pole 40 degrees above the horizon; then 


"wil this pole repreſent the pole p; the equator will 4 


preſent AEB; the brazen meridian will repreſent C D; 
the vertex of the globe will repreſent Z; and the refs 
which coincides with the wooden horizon will repreſent : 
te nice ACBD.. „ 
5 The Problains bas partly an application of the fore- | 
going ſections, repetitions are unavoidable. >  ,_ 
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: centre . (Evelid p. 255 b. 3). 
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PROBLEM . 2. 


x [. Through any given * within the primitive 5 5 


| 12 to de, 8 a 8 circle: this . of two caſes— 


1. If the required circle guld be i a ciobs one 3 rawa 
right line through the given 9895 and the centre of the 


5 3 


: — 


5 2. If the . 5 ſoould be an oblique one =D raw a 


diameter near the given point, and through both ends of | 


the diameter and this point deſcribe a 9 1 (xev:) 95 


5 Thus, i the given point 4 E, Hay a diameter, as 
AB; then through the three. Jus; A E and B —— 7 


N the SARI | A . 


'E: = 7 


4 L 
. N * \ * 


xcv. Hd ps 450 three given points, 10 aher a 5 1 
= BiſeA the diſtance between any two of thoſe points, and 
the interſection of the two biſecting lines will be the 
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PROBLEM 11-=Fis. 2. 


xKkcvII. To find the pole of any great 1 reg . 
circles in the projection being of PE. kinds; this 9 7 
blem admits of three ente 


1 . : 1 


XVIII. Caſe 1. To find the pole of the primitive ., 
ele: The centre and pole of the Primitive are the lame, 
(vu) N „ 


Caſe 2. To ro fud the pole of a right cle ſane B — 


: . xXCIX. Take go degrees i in the contin; Foun ©, 


either end, A or B; it will extend to C or D in the En 
DRIVE: which are the poles en ( 354 , 


Caſe 3. 2 find the pole. of an ae, civele, Jar Ps 
A 1. B. 1 
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Lf 5x; £ 
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0. Din a right line iow the e angular point A, through 8 
„ 85 E, which continued wi” ye nin the 5 7 50 

„%% a oa oogs ; 5 55 
0 From we cle of chords Vis off 9 _ Ben 


If 
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„ is y K which vill cut c D, a0 line of . 
„„ ys: Then is p the. pale af the-ablique ebe FM 1 


5 5 Meaſure © the diſtance. 2 . ang Joy * its „ 
wd ae other way from Z, which will extend to p LOS 5 
5 the PPE 8 1 | 5 
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OCRAPHIC” PROBLEMS. 
If the angle which the oblique he makes with the : 


; 
. — : 
4 5 


| primitive be known, . (ſuppoſe CA E= go) then the 
” ſemi-tangent of this angle ( 500), laid off from 8 vill. ex- 


N to 120 we "re . . 
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10 „ ANY Arc OF A er ciner. ; 


This problem u admits ok three caſes.” N 3 


Cale 12 To 0 nadie any arc if the prinitive.” 


3 : WY, 


Cl. MY arc of this circle is fie upon the ſeale 5 
of „ chus = h=50 upon 15 ſcale. 
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Pale 2. T 0 ings an arc of a "right circle. 


Cl. An arc of 's a 05 Se i is e e by the ſcale 
off ſemi-tangents (1xX111 and Lxx1v), or by its cor- 
reſponding arc of the primitive ( f ; thus, the 
e ngen Z. ide cord n 1 . | | 


# 7 


| Cale 3+ To 0 meaſure * arc of an oblique circle. 
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"In II. Any: arc 1 an oblique circle, is leude by 


drawing two lines from its poles (Lxxx11) to intercept the 
are, and theſe continued to the primitive, will there de 
Cs the required meaſure on the line of chords. 
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© Thus, the hides in the ſphorie wiangle CA K. 
e meaſured. 0 5 8 3 N 

The 5 of A Ei is e in a; © aw a . on 
4 and E vill give e in the primitive; and on ꝗ IPA. 


gives A; hence the chord A E is the meaſure of the arc! | 


"UI K E, mes To 


1 he ins manner the pole p 1 8 C E | being baer. | 


00 a ruler on p and E will give f in the primitive; and 
on p and C gives C: hence the chord C 5 is che n 


of the are or 8 2 0 Ky and - = 116. 


The remaining ade A Ci is 6 meaſured, upon the chords, 
* equals 4” : 


PROBLEM Vries. 


To MEASURE ANY Size Ken T 
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This «problem admits of three caſes: — — 
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"Cute 5, When the Serie an We is 9g t the contre, 2 


B Z y. 
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lv. The chord y B isthe hou 2 5 ue. 


Cale 2. When the Sheri ang is at the primitive, we, = 


To AE. | £ 0 | „ 
cv. The are G E is the Wee of this. 1 
* Lxxiv). and will be found = 30 degrees; its 'Correſer 


e arc 0 n is Ln, the Rey e =. 
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| 394 ' STEREOGRAPHIC PROBLEMS; „„ 
Fo or * meaſure of a ſpheric angle i is an arc of a. great 5 
circle intercepted go degrees from the angular * 1 1 
8 8 923 C E is 90 81 8 row A. i 1 „ [/ 


cyl. Ah 3 at the ve. as C A E, may 1 

Wes fog by finding the diſtance between the poles of 

- the two great circles which form the angle (xx1); this 
being a general 8 for meaſuring all ns of ſpheric * 


e a 
| Thus, 2 . on ike angular p 8 A FT the; pole p x - [ 
the oblique. circle will give * in the primitive; and on * 1 
and the pole Z of the primitive will give B in the primi- 
tive; hence the . y B, is the ee of the- ec 
CA E. „„ b 8 
| 55 cli. That the arcs C E and Z p, are equal to one | | 
þ | amor, may be thus proved: the arc C Z = go degrees 
g (a quadrant), and the arc E p = go, oo diſtance of the T 
: * circle from its „ %%% ⁶¹⁰ . - - Þþ | 
i 5 Hence 022 Ep; and if "0 arc EZ which i is com- = 
= mon to both quadrants be taken away, the remaining 5 | - 
| ares Cc E and Zp wal be Squat to one are . 
N -Gaſe 3. When the ſpheric te; is hs at the « _ 
1 me bor at the Pie, as CEA in Fig. I 
1 5 CviII F 19 0 the 35 WY p 3 q of che two: real circles. 
=: © EDand AEB which form the 55 (c 3 
| 0 ; Then a ruler on | the angular point E, and thoſe two | 
| 3 i pales p and q will give x and y in the Faint 3 and the 
is ans be xy is the meaſyre of ** ae E, Erz 15 | 5 
| - 
| . In 
3 | 
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| STEREOGRAPHIC PROBLEMS: ag 
In the ſame manner the e B FD in the fnall tri- 
age in Fi Ig. 8 is ana 1 nl Fax ; 


This OR is . by the / d CED, whole | 


pole is 55 and oy the right-circle A By whoſe PRE? 1s L. 


| A ule 3 on 5 3 point F, 5 we poles : 
1 5. and 1 will es the e meaſure on the PrAnlave. 


1 
i Ip 


* RO B LE * we. 


To» DESCRIBE Fs :Onzagus "HOO TO MAKE A GIVEN 


ANGLE WITH THE PBLACLTLVM- 


This uſeful N may bs performed by the e chords 
ſecamts, — or TI. 


cx. Thus, fol it were required to 2 a 5 
oblique circle AEB, to make an 8 of 50 degre by 
vith the 1 8 1 7 


* 


% 


1. The 15 ZAF wi laid off from the chants _ 500, 
and AF continued, it will meet Z D produced in x 
5 then 1 is x the centre of the oblique UH (XXIX. ) On 


uy * 


2. The ſecant 305 is the radius of the ak chile 


2 
% * 


3. The d nt, 50 degrees, vill extend en Z. the 


projecting point, to x, the centre of the W circle, 


5 1 8 
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circle, and therefore will extend from A or B to x, the 
required centre TOLD .) Or, 
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=. * w two PINOT at nn to each other. . 


1 gol a o be underſtoid, that the Snail Jetters marked 
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* STEREOGRAPHIC PROBLEMS, 27 


P R O BL E * VIL—Fre, 4: 
27 arg any two given points 0 A and B) in the plan 1 


- hee, to deſeribe a great circle. 


1 Through either point, We Rs d a i | 
ter EA OF; draw H at right angles, and draw AD; 
perpendicular to A D draw D C to meet A F produced to 
OC: through AB and C draw a circle, e 1909 is 
. GAB 38 the great circle required. | Lo 
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PR 0 B LE M VIII. Pic. 6. 
rag a given point (e): in the plane of e to * 


@ great circle to make a 12 * a with the W (up- . 


72525. x: 
xl. With me tan. 525 . 180 one leg on o, ai 


| the arc tt; with the ſec. 522, and one leg e on p, the given 
point, deſcribe ss, which vill cut tt in C, then is C the 
centre of the oblique circle A p B, which makes the given = 


angle ( 62") with the | mn as e 0 2 
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PRO B L E M IX ric. 5. 7. 
7 0 draw a great circle (E 7 * 0 22 to a given 
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CxlI. Find the . x of the given circle, © and. 


1 draw a diameter EOF at pleaſure. 


Through the points E x and F draw a circle 6 


z and it will be weren to Ap B. n ) 


. the perpendicular ſoould paſs thr agb 7 given 24 00. 


Find x (c) and through y and x draw a great Circle (* on 


— 


„ D 3 „„ 5 RO. | 


* 
* 
* | * 
— . * 
* 


* 8 
3 OR 8 
e 
8 


? 


4 


— 


* 

0 

3 
„ 
1 

= 

* 

2 

4 

5 

a 

4 

7 

5 

2 

” 

V1 

2 

1 
7 

i 

5 

FS] 

, * 
— 75 
"= 

* 

7 

4 

1 

5 

; 12 
A 

$ | 

” \ 

> 
K 

; ud 
_ 
Fa 

: 2 
£2 
„ 1 25 
Fa 
| h 

1 
'E 

2 

1 


8 N ES 


FO Tn e ES, 3 
een D 
See 4 4 


5 
: > 
„ 8 * 
* 
- : 
7 
17 
> 
2 ; 
1 
: 
9 
11 : 
ad F _ 44 
1 
r 
- BY 
- i 1 
=: 
1 
BE <1 
* 74 


. | 55 the primitive, ſuppoſe at 45 degrees diftance. 


: „ eee „ 
PROBLEM x. Pic. 6. 
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To PROJECT. LESssSEN Crxeurs ne. 


** 


3 This problem admits of three caſes: 5 „ 
Caſe 1. To deſeribe a leſſer circle, as F G HI, beau 15 5 5 


FCexIII. Wich the ſemi-tangent 45 degrees, (its com- 

| 0 -deſcribe the circle FG HI, which will be 45 
degrees from the primitive, as required. | 

| Caſe 2. Tode eſcribe a leſſer circle, as K y l, ali 10 the 
righ circle D C E, ſuppoſe at 25 degrees di ſtance.” | | 


' CXIV. Take the ſecant of 6 5 degrees, (its coliglemont) 
Fitch will extend from C on B produced down to Z, 129 | 
Fig. 7) and Z is the centre of K y L. 

+ Then with the tan. 65 on this centre, deſeribe K y L, 
which is the parallel circle required. —Or, _ 

The chord 25 degrees, laid off from D and E, will 
give K and L, and the ſemi-tan. 25 degrees. from C will 8 
give y. 

Then 1 Ky IE L deſcribe a cls N . 55 

Caſe g. Fig. 7. To draw à leſſer circle x b m a parallel, 
bo an als has circle RS B, e. at lg TON of 45 5 e 

os | | Es 
cx. Here if the _ TAE = = 55" „ take the mum 155 
and diff. of 45% and 55%, which, is 1002 and ice; lay 
theſe off from the ſcale of ſem. tan. and they will extend 
from C to b, and to a, biſett the diſtance ba, which will give 
C the. centre of xbma, the leſſer circle required: thus, 
EFT Cb (Lxx111). Or thus, a ruler en B and 
p the pole of A F B) will give x. ET 
The comp. 45* from x both Ways, will give v and 5 
draw By and By, (continued to a) and theſe will give b 5 
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"0 PROBLEM "oz 


To PROJECT ANY, Senpnre Auel. 3 


This admits of four caſes. 


' Caſe I. When the _—_ is at. 3 the centres it is laid off 5 


| the primitive (or). „ 1 
Caſe 2. When ts angle; is at the primitive it is laid. 
off as in Art. cix. . CFC 


"Caſe g. (Fic. 8). When the angle is e by a gh 


and 8 circle, Juppofe” to make ABC=zo0 degrees. 


cxvl. From the point F, 0 he given or af. 


— ſumed HOUT B, draw a right _ FB K. 


149 off 2 0 K Frog 85 to 4 draw f F, and mark 
where it cuts DC in m. | | 


From m ere the perp. m . and make an angle 


m B H, equal to the comp. oh the e angle 40 . 


Then the point H will be the centre of the oblique 


circle ABC. 2 a 


Caſe 4. (Fre. ah When the 1 is oa 1 the inter- : 
ons of two e e Juppoſe the ape Smould be . : 


cxvlI. Bein an oblique Sele BPD 8 any 


ties ſuppoſe Px; in this circle aſſume a point as P 
from whence draw two lines Px and PC continued ſo 
as to meet a perp. let fall from x to P G y, and let y&x 
be produced at pleaſure. From P lay off the plane an- 
gle m Pn the propoſed * let Pm be e 


to meet y x in Z. 


7 Then is Z the centre bf. es oblique circle rr, 5 
| Ds makes 1 of ME with DPB.: - | 
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> - "STERE GRAPHIC PROBLEMS. 
5 PROBLEM 1. 


To DESCRIBE 'A GREAT Cinch TO MAKE A PRO- 


4 


This admits of two caſes. wes en Be a) 
| Caſe 1. (Fic. 10). When the piven circle is a 5 one, 


45 C D, ſuppoſe to make che angle at we © TRIER nat OT | 


and. that at the primitive 64 . 


CXVIII. About O, the pole of PE primitive. wi 
bend ungen, 64 deſeribe mn (cx). 


About A, the pole of the right circle c D, derive = 


x y at thediſtance 42% (exIv). 


The interſection 2 of theſe two leſſer circles is 5 5 
pole of F G E, the required _—_ 5 which is de- 


8 ſcribed with the ſecant 649, (er8). 


Caſe 2.-(Fic. 11). When the given . is an ae. 
ane, as An B, to make. angles as above. 3 | 


cxix. About the pole of the: primitive, with oY 


YT tangents 645 deſcribe VX (ex III). „ 


EE. About p: che pole of the given iel (o) deſcribe a 


T5 phate circle mz n, at the diſtance 42% from p (exv); . 
then is Z the pole of the required circle F Gn H, ch 
its deſcribed with the Sec. 64“ (ers). : 


A operation ftill plain, then manner * ane 
Ban. (cxv), is here repeated. 


x, A ruler on B and p gives b, and 10 laid off both vays 


- from b, will give e and f. N 
A ruler on b and e gives m, and on B Er f gives n, 
biſect mn, which gives Yo te centre of m 2 n. 
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| i H O,. deſcnbe the arc * TOR which 3 


4 . R 93 1 E M XII. N 
7 our A 8 kf CireLE IN A Groen Auerz, nah 


HAVE A Given Axc. INTERCEPTED BETWEEN THE. 
"Point or THTERSECTION | AND THE PRIMITIVE. | 5 


This admits of two caſ; TE 


: Caſe 1. (Fi6. 48). When. the: given _ isa ee one, 
0 abe aste 0 B AF 50's; ane 


as E A, to eut it ſo as to m 
the arc CBS 489. 


"CXX. Lay off DO H =40% the complement e of the 


BE angle... . 
Make OH the tangent 48e, hs Jef gd > are. ow 


With the Secant of the ſame arc from O, deſcribe. J s. 
Through H, draw HS, parallel to E A. 
From the point of interſection 8, with the tangent. 
All cut E A in B. 
Draw a right line th rough 8, and the centre O. cutting 


= the primitive in C and L. . 


Through L., B and C, draw a circle (nov), then i bs 


me angle Arlt, and the are C B = 48%, a8 re 


quired. > PL 
Caſe 2.-( Fic. 1 3). When the given yi? is an eblique , 


: one, as EDA, ſuppoſe the angle ex ſhould equal 


44% and the arc ex 57 
CXXI. Lay off the angle BDH = - 469, ae _ p. 


"ok the propoſed angle) make D H the tan. of the pro- 
poſed arc (579). . 


From O, with Sec. 572, e Ss: 455 from * 


(in DB 3 the centre of ED A, with radius ZH 
cut 8s ins. 


| $120 
From s with tan. D u, drawtt, cutting the rele 
EDA in x. 


Through 5, and we centre O, draw s e ©) 1. | 
Through L, x and E, draw a circle N chen will 


the angle e x A = 445 „and the arc e x = 57 


Thus mn = 44”, and er g 57 it and | 
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| CY -$TEREOGRAPHIC PROBLEMS. 


1.0 YE TWO FOLLOWING SECT. TONS ſhew the manner ” 
5 of projeing ſpheric triangles, which may be laid off either 
with an angle at the prejecting Point, or with a fide upon the 
y primitive; ; but. the latter 1 is eas as affording _ room £ 
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kerle 7 8 may be eee won: a globe 85 the 
n help of a quadrant of altitude; thus, to 2 Fig. 145 
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| Let the inner edge *7 the "LP horizon A the "EN - 
| mitive Leal, 12 the brazen meridian 0 ri ght novel E 5 8 
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5 25 ale 62 35 565 ton tbe fiadrant 7 altitude, which 1 8 er- 
5 tend from 4 to B on the meridian ; then 15 B C JOE = . 
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. gd et Z he neare 1 between the extreme - age 45 
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1 SECTION *I. 


To PRO) ECT: RicurT AvorzD Seuknie N = 


" EVERY: right Salle Rs angle being compoſed 4 
= ſix parts, it is neceſſary that three be given to projekt 
the figure; and meaſure the reſt; but as the right angle is 


5 given; it admits of ſix caſes which may be conſidered as 
A continuation of the problems. „ 
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PROBLEM: XIV. Cas 1 


5 Ti n jo Hyp. AB= 63? 56' (Fig. 14) To con- 
5 A * AC 2555 — S i 


1 : Cxx1. Lay off che given ir AC. on 1 primitive 
: Sg ge, draw the diameter AD, and about A, as a pole 
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E C in B. T 
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. — Through A, B py D, deſcribe a eirele (xCV), and 
„ ABC is the as required. 
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* (cx1v). 


About the centre O, deſcribe the lefſer rele, EB = 
(ex111), at at the diſtance 30%, (the comp. of B C). 


Through the point of interſection B, draw the diameter, 


and through A, B and D, drau a circle es then is 


ABC, che triangle required. 


always known, it will be ſufficient that two other parts be 
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A leg B © = $52 . "2g config * : L Fr 
_ its opp. angle = = EO 4, the Figure, 
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PROBLEM VIC. 
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P R O B L 1 * I cls 5 


e ſthe leg A - FE = s 5 No Tobe the 6 | 
[the other les 6 2 407 Þ Ls : (Fig: mw 
OY it 63-1 3 


cxxx. Lay off c 3 e chord i 4 8 
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he e required. 
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{7 TEC the point B (where the leſſer circle p 8 
1 the oblique circle A BD), and the points E and on 
deſcribe a circle (xcv}, and ABC is > the Kane re. 
quired cee Fi ig. 14% oo 

1 0 ns; ahe des and 2 Find the poles * and 7 
o the two a wk: circles K N and ABD JD 

The fide A C, is 5 meaſured on the ſcale. of chords 
28 8 


The ſide B A is und by laying a ruler on y and B, 
which will cut the . in 125 then is b A the r mea + 
dure of the fide B A . ff.. 
The ſide BC is found by laying a ruler on x and B, 


which will give p in the primitive; then is p c the mea- 
- ure of the ide BC'= Hef 


Tv meaftre the angle A. EA rule r from A on the pole 
y gives d, and on the pole G, gives D; then is Dd the 
meaſure of As that is, its e (evi) = 


* : 7 : 2 
+ 2 fo 7 — : 
* . . » 


z 


In the ſame manner 1 1 is 1808 tha Wen of the 


_ 


8 angle RB = = go? and Ef 1s the meaſure of LEE 649 


= % * 


PROBLEM * cat, 


the fide A 8 582 
the ſide BC £28? -- 
he included FA 6a 24 


to. conleng - 
the figure, 
and find the 
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- VViÄ reſt. (Fig. 250 
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59 CD STEREOGRAPHIC PROBLEMS. 


| CXXXI111. Draw the oblique cirele E B c. to wake 
© angle at C = = 097 340 (erx. 1 


Lay off the PO 589 "A c to 1 ou E, at PI | 


diſtance of 70% the ſupplement of 110, draw the parallel 


circle pg. nn, which will cut the oh circle 
in B. 5 5/1 ; 


* 


88 the diameter A 'D, — nk =. B, 02 A 4 


ſcribe a circle, (xc "I ; and ABC isthe triangle required. 


5 


* R OBLE M. XXIII 3. 


15 the hae * a = 1210 55 
che angle C > = 08* 44 © 


the 1 ons de B C= 4 108 


bee. (Fig. 260 


cxxxlv. Draw the 8 circle EB CT. oe we | 


parallel circle Pq» as in n the laſt caſe. 


* 


1 


Then through che . B . the oblique Ne 
DBA, to make the angle BA E = 58 5, the ſup. of 
the given angle B AC; LON); and, ABC wil be the 
1 N 


1 R 0 B L E N XXI, 4. 


the . A: = 121* 55 to con- 
4 the angle C = 62 34 ſtruct the 
9 the included fide AC = 380 figare, 5 
VVV 
. cxxxy. Draw 


40> Fo 


figure, 


r ENB Ae PROBLEMS. | 81 
= cRxxv. Draw the oblique circle EB C, and the . = 
i allel circle LED as in Art. CxxxIII. ” ng TS 


| 5 1 rom . ſcale of Wed lay off 38˙ fen 0 ro A; 


| draw the diameter A D, and through the points A, B, 204 | 
| rn, B, deſcribe a circle, 002 then 1 is A B C the mange f. . 
„ 1 5 | 
; PROBLEM XXIV.—Caat 5. 
1 • {the ide AB = 599 17 J comlitufs the 
ien 5 the fide BC = 110* - triangle. 
V; the ide &'C =, 589. . 26.) 


cxxxvi. From os e of che lay off 58 de. 5 : 


TY frees from C to A; about A, at the diſtance * 395 de. - 
- . „ ts circle p: (exiv. ) 


2 5 like manner deſcribe the parallel has rs' about E. 1 1 
WW at the Affance 70” ? RS IPs of YL oe ed 5 155 7 


= Whete theſe two parallel. circles col in Bis the aua. j 5 8 
lar N | | 


55 Draw ii iameief A D. and chioligh the points Dy B, 


© x" A, deſcribe a circle, (K . 
4 5 Then is ABC the triangle required. . 
„ 5 PROBLEM XXV.—Eazt 6. 
| ; the angle A < 1219 550 | to content the 
_ Given J the angle B = go? ³ 2 triangle. 
” _ Cthe angle C= 62? 34 (Fi 
1} Ea XXVII. I. Draw 
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| „ STEREOGRAPHIC PROBLEMIs. 


: CXXXVII. Draw the oblique circle. ABD, (ci) 8 
f making the angle BAE= 58%. 6% (the ſup. of 2210 5; 


* 


F 
Deſcribe che great circle EB C, to make the ans — 
| AB C = : 50*, and the angle at the primitive B CA = 697” _ 
ien 380 che triangle required. + . „„ 
4 5 8 5 ; 1 — 
5 ; 1 ; WW ; Z : , De 
| . . # | « 15 1 ; . | ” f RO ; 
As rasy METHOD or SOLVING CERTAIN CASES OF 
„ Senne ERLANGLES. BY THE, LINE Or CHORDS | 
dvdr, WITHOUT PROJECTING THE FRIANGLE. 
IIS method applies but to four caſes, namely, : 
1. When three ſides . 
f 2. W hen three angles „ Wo a ; 
i 3. When two ſides and an included angle 8 a 


4. When two angles and an included ſide 
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— H —ꝙ—Ẽ— —̃ Ä — 
— ” 1 


: 


s 


- 
— — +u w 


# 
U 
4 
* 

1 


rn 


wo y \ 
1 
— 
- 
7 
* 
- 
* 
* 
* > 
* 
; I 
— 
* 
= 
- 
8] 8 
4 
7 
1 
* 
7 > 
* 
* 
— 
« 
. 
- 
4 
W 


. 
a * 
> 
* 
; ; 
, 
| 
# 
. 
* 1 
. 
: 
: 
k 
1 
; ; 
1 
5 * 
N 5 
: 
: 
: 
7 
7 
* „ 
3 
J 
4 * 
* 
; 
» : , 
2 > * 
; 
$ 


* 


| With the ſweep of 60 deſcribe the circle- 
from any point, as A, lay off the twi 


ith cantain the required angle. 


On the other fide of the circle lay of AM to 


- der AC or A B, ff fe equal to A C, and draw the 


chord M 


. 


as 


„ 


Nn, which will cut M Cin P. 


* 


circle MOC. 


From the point Pere 


* 


Wich half MC, round the 5 D, deſcribe the ſemi- 


the radius © D. 


Then is the angle OD 


required. 15 


the angle B. | 2 
From O to MC lay off half the chord * which 
vill extend to E. : 3 1 
Then is the angle OED equal 50? =.the angle (B) 
required, | 1 


= 


* 


* 


\ 


nB 25 
Aides AC and A B. 


* 


a perpendicular PO, and draw. 


5 Then from the point B lay off the third fide B oben 
„ ways, which will extend to n and N, and draw the chord 
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5 * NEW GRAPHIC SOLUTIONS... = 
; | To find the angle. c. 5 — 


Sg 


— 


110 this caſe it will be neceſſary to wake a new con- 
AAruttion; and the angle C may be known in the ſame 


manner that TI Ee A was OE. 


41. When the . . are given, the ſides are found - 


wy the m_ conſtruktion, as Fi ig. 28. —That i is, 


By its he: ſupplements of che; ane as. fides, and 7 
ſeeking a contained fide, as the contained angle A was 
ſought in the foregoing operation, and the ſupplement 


5 of the nga thus Und will be the e 08. 5 


1 


1 I. When two . nl an Siedindin onpla 6 are given, hy 5 


off 1 the two ee 8 B nd A oy and ow M C as Pres 
Wich the radius DC deſcribe M 0 0. 


| Make the angle O D (02 > equal to the Bom anghe. 


1 O let fall a perpendicular to the line M & which 


C7 cut it in P. 


1 ' Through the Poing P. 1 the Se N n, perpen- 
dicular to B 23 Fantoued) and BN ar B n is the ſide 


1 ed. 


— 


e take C 0 E „ to half N n, and 0 E D equals C 


- the any PPP. the lide A C. 


IV. When two angles _ an included fide deare given, the ide : 
angle and either of the two ſides are found by taking the 
ſupplements of the given angles and fide, and proceeding. 

TR W e 


* 


N. 


PPP 


NEW GRAPHIC SOLUTIONS. 85 


as in 52 laſt inſtance; then the ſupplement of the ſide 


- which is found, is the angle ſought, and the ſupplement. 


" =o te ng found is the Has e 10 


This echo of calving Spheric Triangles | is not num. 


bered as the other articles, no reference being made 


to it throughout the work; it will however be found | 
: very ſimple and correR,, as far as it extends: but project- 


ing triangles, as in Section 12 and 13, ſhould be preferred 


being the moſt natural and univerſal method, and af- _ 
fording moſt light and inſtruktion, rann where 


| _ cales of HD occur,” 88 55 


* 


The following 0 (being damiged | to ſecontdit) ; 
vary a little from the projections, for no eee 


ean attain the exactneſs of calculation, 
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SrriERüC TRIGON OMETRY. 


cnxxxviII. SPHERIC 8 1 nn 
compute the ſides and angles of ſpheric triangles from cer- 
tain proportions between the ſines, tangents, &c. of the 


parts that are known and thoſe that ate unknown. 


-C XXYXIX. Eyery ſpheric triangle being compoſed of 


ſix parts, namely, three ſides and three angles, when 
any three are given, the reſt may be thence found; but 
in a right angled ſpheric triangle it is ſufficient that two 
only be given, the right angle being always known. 


5 cx! 5 Spheric r is cn divided in- ö 
to three parts, viz. right angled, oblique angled, and 
quadrantal, (x XX1V. ) and the two latter are e founded upon 


* 


5 former. 


cx LI. Right angled * 22 reſolves ſelf 


ES into the ſix following cales: - 


4 When the e and a leg 


„ 05 hypothenuſe and an angle 
3. aleg and its oppoſite angle are giyen. 
e @, leg and i its aacent age. __ 8 a 8 \ 
_ y | - _ two legs ; 


two angles 


5 * 7 


1 


— 
YL 
— 
. 
* 

-& 

. : 
1 


i SPHERIC TRIGONOMETRY. _ 
The 3 fix caſes branch. into. ſixteen analogies, : 


which: are ended on the following we : 


* 


cxUII. In every right angled ſpheric 8 = 


fines of the ſides are in proportion to the fines of the 1 05 
polite angles.—Th hat | is, | 


"hs the "Ws of any given fide - VV 


Is to the ſine of its oppoſite angle, | 
So is the ine of any other given ſide 


To the ſine of i its + oppoſite angle: | 
. And, 8 


As che ſine of any given angle 
ls to the fine of its oppoſite. ſides 
So is the ſine of any other given angle 
To the ſine of its oppolite ſide. 


cxLIIͤI. But as certain caſes occur in right angled 
ſpheric trigonometry, where a fide and its oppoſite angle : 


are not both given, e muſt be had o "ney Pro 
N | 


The Sg general rule, aſcribed to Lord Napier, 


equally applies to all caſes of right angled ſpheric trian- 
gles; it is called T. be ve circular parts, by ſome The catho- 


5 5 prope tion, and is e e N by Fan . 


N an the Te 


of 8 five circular parts. 7. 85 ag. | 


cxlAv. The circulax parts of a inks i e | 


triangle are five, namely, the two legs, the complement ' 


of the hypothenuſe and the complements of the two an- 


bles, (che rig angle heint gy ee 
h * 0 | CXLY. Three 
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„ SPHERIC TRIGONOMETRY.. 


+ CXLV. Three of theſe circular parts, beſide edi, 1 
enter every proportion, two of 9 are given, mn the 


9 5 ſou ght. 


„ 3 
# 


cxlvl. Theſe bs” parts are a from heir po- 
tions with re ſpekt to one another, that is, according as they 
are joined or disjoined, obſerving chat the right LE does 
pt * the legs. ; | 


— * 


— 


1 | CXLVIL If the three er parts a that Which 
| is in the middle is called the middle ers and the other 
two W called extremes conjuntt, 


TE 7 | ' EXLVIIL If the three circular parts do not join, tuo 

> out of the five muſt, and that part which is ſeparate or 

alone is the middle part, and the other t two are _ er- 

tremes PE. „ 5 I 
* Theſe "things being underfcod, the following i is Me 

399985 rule. 


33 


| ' CXLIX. The datt of i and the hs of he” Lf 
1 Widdle part, is equal to the product * = N of the = 
5 extremes * . | 3 


cl. And the Gt of pb; ag chie” fine of the." h 
ee part, is equal to the produd of the colines of the 
extremes Gund. | | 


| From theſe two equations analogies may be eaſily 
formed, obſerving always to take the complements of | 
the angles and hypothenuſe ; and that the coſine of a com. 
plement is a ſine, and the nchen of a e is a 
cengen Trig vice verſa, 


This 


SPHERIC: TRIGONOMETRY:. 


This noble propoſition may be conſidered the foun- 
dation of Spheric Trigonometry : its principal excellence 
conſiſts in the help which it affords ta the memory; and 
in order to promote this object ſtill more, it is here put 
into verſe. The many uncouth terms which neceſſa- 
rily occur, and indeed the ſubjeR itſelf are equall;; ill 
adapted for poetry: the verſe however, ſuch as it is, will 
be found uſeful, as connefted and compared with the 


proſe; the one will aid, the e ang 5 Riley: the 
| underſtanding. 


Each right angled Welte W contains 1 
Five circular parts, as Lord Napier explains: . . 
Three ſides and two angles the circle ſurround, 
Mongſt which the right angle muſt never be found; 15 
And inſtead of the angles and Ypotbenuſe, 0 
Their difference io ninety, or complements, uſe. 
With radius, three parts each analogy claims, 
Their relative places eſtabliſh their names, 
Thus one's called the middle, the others extremes. 
If the parts be connected, the extremes are conjunt?, * 
But if not connected, then call them di guns. 


N OW the produtt- of cadlh Ins, and dts parts fine, 
; Equals that of the tangents of parts that combine, - . 
aud, alſo the cghines of thoſe that. opts ” 
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2 SECTION XI. : 
3 % — J 8 PEG i 2 1 — : ; 4 * 75 ; 5 4 f LOS ; \ : 


* 


To TURN Egvartions INTO ANaL0G115, "AND. 10 5 | 
ͤ THE: PROPORTIONS. 5 | 7 


# * 


; | 1 ery” BY Euclid, B. 6, and P. pes it is 1 


Fs that if four quantities be proportional, the product of 


the means equals the produtt of the extremes; thus, As 
a is to 4 fo 1s 8 to 65 en wy 2 * 76 = 4 X | 


, cli. 25 0 INT the above equation Jah to an 1 „5 
5 ale the two numbers on either fide be made the two means 
or the two extremes, then 2 x 1 "2 x 8 _—_ be tyrned 
"oo me follaving analogies, | 


816 

nc 3 3 4:5 16 
I 
68 


And theſe may be further varied by alternation, inver- 
. fm, compoſition, diviſion, en &c. 5 ene 
bw 12 to 1D. - | 


| CLIN. When the equation contains an unknown 
quantity, this ſhould be put laſt in the analogy, and ſhe 
number connetted with it muſt of courſe be put firſt ; 


thus if 2 . 8 * 173 and x be required, r 8s 


= | Tar 


„„ the 


* . 


Srlikxic tRGONGMETRY, | „ 


ctiv. The proportions between the ſines, . 
und ſecants, may be further varied from 585 nature of 
fimilar triangles, 8 „„ 


"I 


C er ee OO OT I NEE 


F As the 7 oe the to the We ſo 1 18 1 to the gr. ” 
As the co: ſine is to radius, ſo is radius to the ſecant. : 
As the fine is to radius, fo is radius to the co- ſecant. 
A che ſine is to che 8 ſo is radius to the an, 


0 LV. Theie are, beſide hulk; ſeveral e 
ariſing from other relations between the fines, tangents, 
Kc. and their comp. and theſe may be {till further changed 

by Art. II. The following ſolutions are taken ſimply 
as they ariſe from the circular parts, but the various pro- 
portions which ariſe from combination, fubſtitution, Ge. 
will be given in Section 2 a. 
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yo ap uſeful i in certain caſes, 1 


- 
} 


* 


TIO n 


3» 


1. 1 
4 at the baſe and the ſegmeuts of che bale » wo ag 


ö * 


Te rain of the fine of a der e PR the ner 
+ its adjacent angle, equals the product of the fine * a f 
ober een and _ e EN 155 Oe? _— . 


L's 


Thus Fig.) 30, de BP x tan. 8 225 P c x tan. ©: ; 
Hewee 1 1 Feng ny the fourth may 6s Sond 


Ch 


clxxv 11. Given two. ſides and an * ; angle, v viz. 


[= Side A c 
Sie AD 
ee on 


FE 


— 
— 
— 
— 
— 
— 


e 


, uw 


ve” 34 6 


| 8 reſt. 5 


| Let the ale be projeted (exxxu), ang the 1 88 
5 pendicular les fall (erxkU). 


SPHERIC- T UGONOMETRY: 1 


| then to find 35 r B,. " von). 


5 a the aue Side AB 79? 17 14 5 o, 056339 „ 


Is to Sine » C 62 34 & 929481998 
80 is Sine Side AC . e 
: To Sine £ 3 8 50 8 5 98845546 + 


= 


5 The angle B may be HA a, or Seite” from the 
. oo * but the conſtruQtion ſhews i it to be acute. 


Now the fide B C, and its opp. hat A, are Ailt un, 
known, and either being found (by Art. F the 
"Ne is 1 by Aﬀt. CLXXIT, 5 


— 


Tus, to fud he ſegments, BP and PC. 1 ; 6 7 


8 cot. fide A Q 580 1 deten As cot. ſide AB 79 17 wh 0 2 
Is to radius of ; Is to radius £0 , 
So is cos. 52 Cc. _— 5.863496 So is cos. 4 B Iv; 0 5.808675 


To tan. ſeg. Pc 55 24 9.8676200 To tan. ſeg. BP 73 36  10,5311855 5 


—— 


p Cis acute, the hyp. ac and the angle 8 PB is acute, 95 byp- AB and angle B 
c RE alike, 85 9 abke. : 


The nal B Sk the angle c being 3 th „ | 
dicular will fall within the triangle (e LxxIv); and there- 
fore the ſegments BP and PC muſt be added together, 

RR Yo” we, hide 25 0 = 110% *: 


> 2 — — 
r end 


* 1 
22 ENT Ee Ns 


; 


1 Cot. Side AC 58 


1 To Tan, PC 30 NS. 


 SPHERIC TRIGONOMETRY, 


ED ro fond the angle 4 (e an). 


. 2 Sine Side AC 58% 7 0051 4878 1 
= 5 Is to Sine 5 1 98842640 155 
Bos is Sine Side Be 110 | 9:9729858 ” 


GN MS 


10 date 1215 65 5 6" — 


8 


| The angle A may be cither obtuſe or acute dom 


res 


ce A 2 * „ 30. 


. 
The Side Ac: 1. 38 : 
The Side BC = 


5 Ihe included 5 Cr = Gas 34” 6' | reſt, 


The . —— projeted (eu and a ber. 


kene let fall (c OL. 


4 * : 


. To fud the en. PC (ern), 


* : Fg 


| Is to Radius C 
So is Cos. / C 62 34 60 |- 1 — 36 28 


| the 


* ELXXVIN. Given two ſides and an 1 8 angle, 


1 the 3 ana- ; 
_ logy ofthe laſt caſe. 


| 'To Tan: 2. B 5% 


5 4 * \ 4 : A 4. 


SPHERIC TRIGONOMETRY. 0" 


25 e the . B 0 LXXV wie 


"os Sine 3585 BP 73⁵ 36. © Sone J The angle 


1s to Sine PC 36 24 9,7733614 | B may 1 
0 ; 


| So i is Tan. £4 Cc 629 34 60 10.847890 ws 


I» —— tan 
kine BC :: ine c to perpendicular A P. And chen 


wo 


| 5 As tan AP: radius : dne BP : : cot. B KEY 
To fud the angle 4 in | 


| As Side Ac 58 

Is to Angle B 50 
„ BC; =... 
10 Hogg a A 1215 54 8 


| 'CLXXIX. If in this cas the ade 1 110 had been. put. 
upon the primitive, the conſtruQtion would have been as - 
in Fig. 375 and the ſolution as e 


(erx). 
As Cot. BC 110? : . \ ThefdeBP. 


Aas N... i | is obtuſe, 
ashyp. and £7 
the angle Cc 
are 1 : 


So is Cos. E 629 34" 6 9,6634092 


— — 


10 Tan, PC 128 1838 Ain) = 


8 


-A 700 18 o the leg. PA. 1 


hn 


as in the laſt analogy ” 


7 0 find the teg Þ 4, let the whole 1 P B be FT lau, 1 


1 
ä 


foundby 5 
100761696 be e 


* ; DS 
+ Y f 
: =} 


£ : 
* 4 * Wa 
I 


5 2 5 L - * 7 
6 * * — 7 5 7 { = = 
5 7 F cl 3 7 ; ; [ : 85 
U 5 » - 1 * 5 0 
N ? ; N , : ; A EEO 2 ; # 
; : C 8 . 2 1 , 3 : # 1 : 

\ - * ; * $4 
- j * 5 } 

£ - * 9 


; 
; 
\ 
= 
f 
i 
f 
J 
As 
* 
7 
| 
1 
| 


* 1 5 1 „ Exp" r — 
PPP == PE REES * 


* 


— 
- 


_ Soisfine fide BA 7" 
. To fine & A 


Os fu the Pop. (e 0. 


5 Tad. ©: 90 5 
: Sine AB 3 979 „ 
Sao is fine E. 4 62 34/6” 9,943 19832 
; — — 


To fine AP. 56 30 56 9.921184 


AP is acute like i its opp. | pain Me” 


A Hus fide AB 79 170 14 8 59 

As to fine z. C 62 34 6 9, 948 — 

0 9,9729888 
—ů— 

„ 30 qagabirgge 
— — 

The angle A may de acute or ob tuſe 


from the things given, but the conſtruc= 


tion ſhews it to be obtuſe · 


£2. | 
#4 


1 


22 vt. 


| As . . 

Cos. PA E 9,5275291 
Cop." "PD © 20 30 $6 So 36179 57 
* — — 

Cos. i BA. 


79: 17 14 9,2692404 | 
— — — 


The 5 wy is acute, becauſe the legs 
are alike, 5 „ . 1 


. 222 mel 4, (exxxi9). Na. engl B (ei). - 


As fine ade oB 79® 177 * 5276155 


| Is to fine . C 62 34 6 9,9481982 


So is fine AC 58 9,9284205 
TE fine  B 50e + Avi 546+ 


| The angle B may be en or obtuſe 


. 


from the things given, but the conftruc= 
tion ſhews it to be acute. i | 


This cafe may be TIP more conciſely, thus: — 
Len the ſegments P A and P of are found 922 the firſt 


155 Faber : 


1 


N 1 c. der BA P, the pine 7 the gh B A 8 


N 8 3 


As Sine Leg PA 
Is to Sine Leg PC 


4 4 


50 18/ 380% 040261646 
128 18 38 9,8946827 


So is Tang. Ang. C 62 34 6 10, 2847890 N 


Io Tang. Ang. BAP 58 5 4 1092056363. 


oy 


* Subtraſt 58" & 4” from 180*, the rem. is 12 15 540 66% 


the angle BAC; this . . the reſt 0 be 


8 od PIT. CLXXIL. | 


3 


34 þ 


CASE 


£1 


e 5 5 The fide AB = 79 17 * 


| As the Sino Z.C 62* 34 6% 00618018 
Is to Side A B 20 17 14 99923641 


5 To Sine Side c A 65 e 9.928449 


Is to Radius go“ 10: 


By 4 s E mm Fi 10. 335 f 5 


| Given two angles and an oppol 


The angle 15 5? 1 
The angle C = 625 34 2 


te . vis. 5 


The triangle 1 e (I v) and the perl 7 
Pendicular let fall {6 LXxXII 11, 


To fund the / de 0 A, bent 


Thesidec 


So i is Sine XL B T 1 Lor 


1 


—conſtruction 
bes, it to des acute. 


1 = 


may be acute 
obtuſe 
from the 
data, but the 


Here the > A nd its . fide are in un- 


| known, and either being found, the other is determined 


by Art. xx TI. „„ 
ZN e the Fe ſemen P A (e 5 


| As Cot. AC 790 * * 097291186) : 


8 de 5 5 98080675 the hyp. AB 


and the angle 


| To Tan. B Pp 75 6 5 1045311855 


PB is acute, -; 


* 


5 7 e 8 


7 
7 * 
Tr ⁰¹wq ER Gn 


eee eee e eee 


way 0 


PPP 
Gs 9 — 
* 
- * . 
* | . — 4; 
. . 
4 i $ 


* 


'% < 


* 
* 15 


* jad the other ſegment bee l 5 


FE Tan. 20 * 62 34 6% 5 dogs” 
Is to Tan. EB 50 
801 is Sip Seg, 7 B 78 36 


To Sine Seg. PE 26 4 


= : „ 4 £ 


N 2 2 1 & , K . 1 
— * A SL * „ * be b , IHE 


The furn of the ſegments P B and 7 c =1 110, , the fide - 


7 1 $ £ > 8 8 *- E 1 "IF 2h 5 3 SL a VS 2 ; —* 


* 


7 7 fat the angle A. ( (ein). 


7 . 1 - 4 
| Ito fine 50% - Fee lat: 1018 of Caſe 10 
80 is ſine 110⁰ [f (cxxvit.) ED 
T9 fine 1217 54 662 = the. oa A; which = 
The acute or obtuſe from the data, but the eonſtrugion 


| tews it it to be obtuſe. oo 


722 


CASE IV.—Fic. 31. 
Siven two angles and an included fide, vi: 
— = 56". .* 

{ Theangle © 62 34' 6” | 
| The included ade B „„ „ 


+» 


to find the reſt." 


£ 


* 85 
* = 


The gle bibs projefe (cxaxy), and the bew. 
let fall (ne; 


+ 
i -d- 


8 © Pi is ag; | 


A Cn eee 


"Ab Cot: 2 62=34 6” 0847895) The ak 
R = 10 
5 Cos Bo 110 3 953405 [ 7 2 


To C ot. P B Cc 1295 22 56 98188407 


- 50 from 129% 227 66, and there remains 5 
725 22 50%, the angle P B A. e 


56 go" 56%. | „ 


> Rn being re the reſt 8 * found s as N 


- "Given the three ſides, VIZ. 


75 as ** | BY 7 s _ 


8 4 2 as : ; 


 SPHERTO TRIGONOMETRY, | Fo = 


. os NS PRC 10 rſt found; Pet; 1 4 8 
Woes: angle PB A known; next find the perp. BE e „ 


5 and then BA (en, thus: „„ 1 


72 fd the angle PB (elix). 1 


FC 
tuſe, as the „ 
" Hyp, BE - = 
and r . 
are unlike. # 


* 


To fd the perp. P B (ern 5 i 
This is found in Analogy 3d, An. 175 and eue, | = 


+= - From PB and PBA God: BA 1 

As Tan. PB ge” 30 58 98206267 1 
Is to Rad. an. 10 0 
| 0 5 is Cos. PBA 73 22 56 : 9,4363443 


: To Cor. B A. * 17 14 2 


PTY is. acute, the 10 BP and iz PRA 5400 dts. 


Pu a, 15 


* 


* 


* 2 8 . v. rie. 39 


AB = 79? 17 24 „ + 
e ind the reſt. | 


1 5 0 ” | CLaxxim. n | 


bs 1 


2 * 
2 
. \ Eo, IE 


: : "L #1 
* 
To PÞ 5 
: „ 5 + - : 
3 he Se, 38: 3 BE 7 5 
: | 99 * : * 


55 $PHERIC TRI ya . 
clLxxx!II. To find the angle d. oo ot 


"From half he” ſum of the inte Ges fubtraQt each of _ 
the two 1 which contain the required male.” 


— — 


— 0y SI Wes 1 bp hr ms 17 
- 


; 
| 
| 
| 
| 


Add together, 


The fines of theſe Ho reminders; a 8 co. arcs of 
the ſines of the ſides which contain the angle. Hol | 


. 


; ” Half the Cm” of 1 four logarithms will give the | 
fine of half the required angle. : TRUST. | 


: x ee b 2 5 : + 4 
790 T_T ER. | 
> ; 5 . 40 : 175 | * 5 x * : . 7 * 25 5 ; | v 4 1 | 7 - f 


e 47 = Em. | 


N . 1 - 123 38 37 = = ſum of three Pls 
1 ä 0 855 yo . „ 
Wl. ; EET 44 21 23 firſt remainder = Sine 958445513 


Ws 5 38 85. 
” . 


68 a 37 fecond remainder Sine 979595173 . 


® * 


VVß˙ Co. arc Sine 58. 4 5 050715795 
EE Tf Donne Sine 790 17 14 39 


- 


TL 5 1 07 88584 
T Sine 60557 28. =_ 9594164201! - 
5 „ . 5 of a ſecond e 


121 54 | 56 equalsthe required 44. 


n 
- 
—— 
n 


r e 9 IEC VAR PEDES > rr, 
- 
. 
* 


1 
7 


ry F 


* ue” 
4 


SPHERIC: TRIGONOMETRY: = % 


* "i ſimilar operation the angles B and (2; may. be - 
found; but when one angle is known, the other two ary — 


moſt readily ae determined by Art. 1 7 mp 
* ELXXXIL Another method. e 


Find the differences Bren haif the fon of the three „ 


des and the OR! TOR the required gn gn 


— os 1 8 
. * . 2 


8 Then add together, 


The ge of the laid hat bn 


The ſine of the faid difference, 


The co. ares of the lines of the two containing ſides. 5 


Half the bis of theſe cor logarithms will be che co 
ſine of half the required 2 8 VID | 


Half the ſum of the „ . 
three ſides IT 199; "a8 37” fine- 99008 
Side opp. 4 A 11 | Fi 125 85 


EI 


| | Difference 13 ab 37 fine as . 


: Co-arc 905 N 0,05 15795 


Col are 79 88 140 5,0076369 5 


is: 55 Ten 927294 
5 | Cos. 60 57 ab) - 96861470 
” | ofa ſec. nearly. 
f | Angle A. 121 54 5e | 
V vI.—Fie. 3. 
clxxXIII. The three angles given, viz. 15 
5 „„ gas 4 Hg = 4 | 
Se ngle - 121” 54 56" to find the | 
Ange CS 62 34 1 


„„ SPHERIC TRIGONOMETRY. 5 
5 1 the Side BE.” e ee Ry 


S 


RO From half het and of the” 3 tes. cake each of - 
PE, th ut next the require fide, 3 


— rer ⁰: 47 5 
r — ? $4 
25 > 
7 — F 


| b Add together,. ES. fl 3 . 
AT The 1 of theſe two readers) Abd 

f lie co: ares of 1 85 of. each of the adjoining an- 
1 les. [I e C > 


8 


1 Hlalf ie 5 1 thei 1801 i e will 4 give the 
4 corline pf half the required ide. | Thus: 5 

1 * 1215 64 Her VVV 6 

J 0 : Ga 34 6 %%% 


3 - 4 3 > ; ; : > . * a a 5 
62 34 6 . „ 


1 1 : N . 240 25 ” firſt rem. 3 % Cos. 976210 2 | 5 > S - 
. 67 14 31 ſecond rem. Cos. prog: 'Y 
X28 fe Et Nö8 Co. arc Sine 8 5 051157450 
TW Col arc Sine 629 os 6" 00518018 


Se | [7 i a. 2) 196174822 2 1 


| Coline 8. 1 9,7585910 
5 about 4 ba ſec. more. 


2 2 - : : ES 9 


W 1109 = the required kde BC. $ 


By he fame met the ki er ſides may be Wend; 5 
but one fide being known (with:the ee che reſt are 
. 1 | bly found by Art. EATS: 1 . 


* 


* 


. 
o 
UII 2211 a Brayrngy os fo IA UP 
2 rr 1 5 


„e eee ee 
* _— 
. 


1 - 
A ; 


: * 


© 


. ” 8 P * 
> . A 7 . 
4 \ 8 


srurkic TRIGONOMETRY.. SS. 


clLxxxIII. Anotber method. EL. 


F ind the difiepence between half . ſum 156 the wa | | 


9 and che angle A oppoſite the required fide 85 C. 7 — 


4 x * 4 : * - 
#3 k ? 6 


| Add together, 2 „ 


The LP of ts faid half ſum, 8 „ 5 
The coſine of the ſaid difference, . „ 


9 5 
D 1 — WT — 4 . 
Das e = 2 menen 2 Dre r I; Es AE * err 
Feen EE us 55 EE K Ly 8 8 pA 7 1 . N S 9 7 1 * 4 : * 
W 1 —___ e - . 1 W rnd 1 21 M * — > th 5 
. KA eee, ——— 15 * . E 


The eo: ares of Ne other” two angles B and C 0. e | | b 
Half the ce oh tele bode logarithms will be the fine 
of half the required ſide 1 CVVT 
Half the ſum of 3 8 117 14 4 3x" C Cos. 968606278 | 
The £ A opp. Fed: vgs 60A 54 8 SEALS £5 1 
'S Differance 8 4 40 26 Cos. 986% 4 
5 oe 7 B 0 ( ; 


Co: are 4 5 85 84 65 Seen 


ater þ 


” 8. ws, 


„ Se 9095396385 
5 „ : | neal Fol ſec. leſs. | 
| The required Side BC 110 . , 


N \ IS, # 
_s 1 8 : « 1 d F 4 1 * 
; 4 n 4 * 


— 


aa ery doy N 


— x as 


— > 
— mere Ahh 


— 


— 


* N m 
— 8 7 : : g IN 
— — TWIN TAY . ———— — 
1 k 
* [ 
A 0 1 
1 N 0 
x * x ; 
f g WE F j 
w A 5 7 2 : 
i ; F 
£ , 


| 


„ 
——— 2% 0 , . „ neee 1 
1 8 aq 
— * 
1 


Wr 


— —— 


| < | 
ECON 10 
- To SOLVE 8 1 1 wrrnovr © | 
U» PrnpanDICULAR. | 1 


| ALTHOUGH ſolving the Fo ard W af Oblique 
"I BC Triangles. by means of a perpendicular is pre- 
_ ferred, as affording moſt prattice 1 in right-angled ſpheric 
trigonometry, and in projection, yet the following me- 
thod of ſolving thoſe caſes without a perpendicular 8 
3 is advantages alſo, Re N e not to be omitted.” 
Theſe ſolutions depend upon the four following pro. „„ 
= poſitions. . 5 | 


8 — 


rer, = 
| CLAXXIV. hs the fine of half the ſum of two ſides | 5 
Is to the ſine of half their difference, 
So is the co-tangent of half their contained 8 


1 0 the Er of half the wm of the other = angles, 


— 


— 


P R 0 P. 7.4 


ELXXXV. As the "4 "ol of half the Gi bf the ade, | 
Is to the co-ſine of half their difference, . [EX 3-4 
$0 1 is the co tangent of half the contained angle N . - = 


To the tangent of half the ſum of the other two . : 


— 


PROP. 


. Oblerve, if the Hi of is two daes mould exceed a n fub- 5 
ract each from 1809, and proceed with thoſe remainders as the ſides ; the . 


Fſuk wy FE ue ſupplement to [ON ee angle. rg | LE 
_ „„ 


FT.  SPHERIC TRIGONOME: RY, Le 
e TI PROP. 3. 8 


cl xxxVI. As the Line of balf the ſum of two angles | 

K to the ſine of half the difference, „ 

'| $0 is the tangent of half the contained % ER 
VZ 95 e of balf We. diff. of the other two ſides. 


# 


„5 Kr 4. „ 5 
6 CLAXXVIL. As the « co- fine of half the lum of two 5 


5 angles 6 | 
Is to the co-ſine of balf their . 8805 
So is the tangent of half the included ſide | wy 
a ob the tangent. of balf the ſum of the other two ſides. . 


Theſe four 2 may 1 3 «pplicatile: to 

es 2d and 4th, but they may be equally applied to 

: Cales 1ſt and 34, by alternation, Thus, in Prop. 1, 
when a BYE and Its ee angle are unknown: 1 


cIXXXVI l. 4 the ſine a balf the dif of two ſides 5 WY 


a Is to the fine of half their ſum, 
5 So is the tangent of half the diff. of the tro 1 
8 15 the e of half the e contained ET > | 
: 5 . Tc A s E - 1. ie. 20. 8 
| CLAXXIX,: Given two dae. and an opp. angle, 
| Sos viz. 5 | „ c | 5 
ADE AC» _ 5 Ii £2 ce 
„ Side B „%% find the reſt. „„ 


| LE a spEERIC 5 TRIGONOMET! 1 


- Firſt, let the angle 55 "oe found (ern) + IT 124 355 
BY 56"; then : „ 


1 To find th angle - (exxxxoyu) 2 . : - - 
: 5 0. 5 . 3 ak 1455 1 7 7 =# SL: h 3 . | i . 
1 110? 55 121” 54 1 180 WWCL 


a 


4 : 168 Sum of ade : 47 El 1 Sum of angles : 


85 . 58. Diff. of i des T on 54 55 Diff of angles 7 


85 84 4 Sum of kde. 85 57 28 + Sum of angles - : 


26 2 Diff. of ſides a, 35 57 28 Dif of: angles WE 


5 As Sine 55 | 262. : 80 0,3581 580 
ie ine . 84 979976143 | | 
80 i an, 35 576 958606879 | 5 


NN L r ee 4 ct” N = _ ra my al 1 
— — . a} » 36 r r Ay; EA. ew Sts he TTW ner eo 
: 7 — — 1 re wr 2 922 * 8 Pal £1. wits 
bes pt) IS — — — — — a es 1 A Valle TRE 5 1 AT 


—— bapitk*. Apart rm an/ 


To 856 1 5 4er. 0 2. 108888 + 


rere 


. 62 34 Wu e 9 55 3 . 


w eee deere re — 


— 
2 DDr - 
— — — 
a 7 
by 


88 


4 Harb 0 > being "hee the oppoſite fide AB may be 
. hg 25 N — 795 17 140 e 


- Fe. A Se u rie. „„ . 5 1 
cxc. Given two ade, and : an included angle, VIZ. 


"The S4&AC- = 
The Side B 5 „ Ys 
The inchuded ” Cc. 


2 
. 


| 0 oo ON 


BP HERI . 


5 ond B eee and . 


beit um 6 des, , *. a. 
Is to Sine half their diff. 26% - e e 


| So is Got, W cont. angle 5 . 9 1 8 10 22163600 5 : 


> 


z mM Tan, balf dif. angles 35 870 % ee | a 


Diff. ede. 2— 54 — 


5 8 C Dos” half RR 2 ices | F 84 5 . 5 o. 807663 ; 
Tsto Cos. half diff. 466%'“ 9938888 


So is Cot. half cont. angle G 31˙ 17/ 30% 10,2163600,, 


8 : - To Tan, half 5 fon He 85 7 2 ee 


The ſum of angles —5 54 25 


Here: half the ſum of 5 alc 3 | 3 half the 


5 once. gives the greater angle; .and half the — 


rence e from half the ſum 1 1 the leflar angle. 


FF 860 57 at” = / wif os. f 1 
„„ 35 57 28 a 25 difference 5 


8 


| =. 5 | 


; N c CHE 54 5 greater angle A 4 
))%ͤͤ mtmer gg: —_ 9 


50 A 85 5 leffer angle B. 


n 4 


| Hence the ade AB may be bound OY _ % 


| 5 55 
„ | „„ „„ Cxc. 
A I" LOH | I 5 8 : 55 | . | : 8 8 5 | 's 


— 


7 Ind the fun 1 ai Meraner of the ae, two Wy 4 \ 


F 


TO #9 D DDD 
re r 


rr 
W 


= 1 
— — — — —— voor) — TI ny 1 — TEES 3 * 
N 8 6 - 8 % . —— 
E . ˙ . . ccc rd bogs de Dd SIE 72 — 4 2 8 5 j . L EP 
* - = — . — 2 2 N r = Mm —_ LO , Dt 2 8 r 8 1 
3 — s — —.— j 
D441 weak Wes x6. Ard 2 49. LON ye Wt ——O—_—_ Ab- 8 r 0 —.— — —ͤ— —.— * . Sy 1 — * * 


| | { 
* %. bo N 7 1 E, 
- * : . 
* x > a 3 . 

. 4 N — 

n 2 2 2 : ts 

KS. | 5 : 

: | 


GRC. As this Caſe occurs FO in 1 
Tow pe e particularly i in thoſe of the lunar obſerva- 
tions, a ſhorter i is here . for determining 
the rhird fide. „„ . % vs 


* 


5 To the 8 0 he two > containing; 6 1 


Add double the ſine of half the contained angle. 5 


From half the ſum of theſe three logarithms 


Subtrat the fine of half the diff. of the . e 
The remainder i is the tang. of an arc. | 


Subtratli the fne of this arc from the laid half ſum of 
the g logarithms, 5 
The minder is the = of hatf the required dae. 


A 


Thus, 5 


«| Side A 587 Sine : | | g,g284205 | 
RS 1g  . Sine 9,9729888 


2 incl. angle 5 bh 17 3” double the gas” 19.4385 


9 


NW0˙:VE 939.3322746 


5 2 . 5 : : 19,6661 


* 


| + dif kdes = 0G ieee n 


Tangent 5 56 5% = | | 0 142662 


© 1 — > 


Li sine V 9,8672783 


8 Sabuaged from half Sum of log. - 958048289 5 


Sine 8 3 0 "gf | 


- The required fide AB. 1 17 - 


: IE ES 


cel. iven two. e and an opp. fey viz. . 
. ; 4 ny L 3 N ps | % 
— The Angle 5 25 5 2 . 

The Side ac 2 mo) eee 
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(erxxxvN and eXxxXVII J. VVV 
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ITS AS 3 EY 


ö 10 © TRIANGLES. e 
5 Wy 4 be „ 1 3 foregoing eatculationn, - 

| ALE carried to a greater degree of nicety than any . 
e publiſhed, do 1 not all perfectly agree, ſome varying 


fraktion of 2 ſecond being i in ſome part or parts 'of the 1 
triangle, and from the want of tables calculated to a LS. at 
ſuffieient length to take proportional parts for ſuch ſmall , 
fractions. II pheric triangles. are liable to. errors of 
this deſcription, but as ſuch can never. exceed half a 
lecond, they are deemed, Objekis of no coniray 
Fee where the greateſt accuracy. bs h „ 
But RE is another ſource of. error * Hake ie 
tions, which in ſome inſtances is of material conſequence, | 
. though ſcarcely adverted to by any writer on the ſubjeQ. 
This ariſes from the ſize of an arc and the denomination. 
by which it is ſolved; that is, whether a large arc or a | 
: all one be Hong out a fine 0 or a coline.. 1 88 „„ 1 
e a lung arc is undetRood one between 4 0 2 
1935” 3 bya {mall arc one under 459 or above 1 9g*: the. 
former is ſometimes called a mean arc, and the latter an 
| extreme arc; but it is only when the arc is very near 90 5 
OF oe, LINE] it 1s liable to an error of any conſequence. . 
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„ srurklc TR + ONOMETRY: 85 
. Theſe vague 'or inaccurate ſolutions ariſe from the 
\ unequal manner by which the fines increaſe from o“ to. 
900 for the ſines of ſmall arcs increaſe by large i incre- 
ments, and the fines of large arcs by ſmall increments: | 
| the contrary holds with regard to their coſines. The | WE 
manner by which the ſines increaſe is perhaps beſt aſcer- „ 
© tained by laws of that converging ſeries, which is ob: 
ped from the operation of calculating fines by fluxions. 
But thoſe who do not underſtand this ſcience may eaſily 
conceive, that as the fine of a very {mall arc and the 
arc itſelf are nearly parallel, eyery removal of the fine 5 
must make a ſenſible change in its length. Whereas 
the fine of a very large arc being nearly perpendicular 
OT Y to the arc, a ſmall removal of the fine will ſcarcely add 
8 any thing to its length; and cherefore the ſines near go? 
| increaſe by yery flow and almoſt imperceptible grada- 
tions, while the fines near o“ increaſe by very large 
| increments. This is ſeen in a table of fines:, the loga- 
rithmic difference is large between the ſeconds near o 
but ſo very ſmall near go“, that the fines in one * . 
run nearly 100 ſeconds, without any difference What- — - 
ever. 6 


„ A t 5 7 „n « ry * N A % oy . 8 
N x 1 3 86 n 2 i i 1 3 4 * 7 75 1 * 7 3 
8 FS IT whe . Ns * ; e : 4 0 * N on 55 thei 2p : 
8 . © 5 3 Ph 


"lou it is evident that an arc coming o out in this part 
| of the table cannot be accurately determined, as here 
is no rule by which one ſecond ſhould be preferred o 
another, where there is a choice of ſo many. To | 
avoid ſuch a vague ſolution, the following rule muſt 
be obſerved uo. to bring out the reſult of a large or mean 
arc a ene, nor the "ou. ef. a r ſmall or extreme arc a cofene.. : 


But any arc coming out >; a tangent or r cotangent 

is a good ſolution, as the logarithmic differences of theſe 

are never ſo {mall as to leave any doubt. of the real 
| 1 5 anſwer. 5 
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3 Hence thoſe methods of caleulating the lunar 5 i 


obſervations where the true diſtance is brought out a 
tangent or cotangent thoutd be preferred,” as s being the $ 
- mow univerſally accurate. | . IR 1 TOR}! 1 0 


\The order to obtain an accurate dien Shen, any wy 115 
the above vague anſwers are likely to occur, the de- 


5 nomination muſt be changed, by finding the relative £ 


proportions between the ſines, tangents, '&c. of an arc, 


and then in the place:of a ſine or coſine ſubſtituting its 55 


value, which 1 Is e "0 a 9 n in 1 | 
. OS 427 tk IF ads e ects iet 
7 77 4 a fi 8 o 1 N 

| The 8 equations che chi proportions. 

between the fines, tangents and eee and their com- 

. e of Aare, e Ari at Hh „„ 
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Theſe equations may be e varied) bug! it is 5 un- 
ö neceſſary, as the firſt and ſecond are ſufficient for 
forming thoſe accurate ſolutions * logarithms which 
are ren in tas Table. + SEG 


Es 2 General 


1 RIGONOMETRY. | 
General W on the Correttion of proportional Be, _ 
THERE are, beſide the foregoing correftions, others 
= f hw an error is known in one part of the triangle, 
from whence its proportional effects on the other parts br 
Aare to be aſcertained. In ſome triangles an error in 
one part will affect al the reſt; in other triangles one 
| part, and ſometimes 2 remain unchanged. Thus, in 
a right-angled plane triangle an error in the angle at the 
baſe will not change either the right angle or the baſe, 
burt all che other parts will be affected: in this caſe two. 
parts are ſaid to be conſtant and four variable, 
- Theſe proportional errors have been moſtly deter- 
mined by fluxions; but Mr. Cagnoli, Who has gone _ 
more largely into this ſubject than perhaps any other 
writer, determines them by very fimple operations, 
which he calls Differential Analogies, and to this elaborate 
Vork the reader is referred: it is however a ſubject 
rather of theory than practice; for it may be objeaed, 
dtumat if the error be already-known it can be allowed for 
in the firſt inſtance, which will obviate the neceſſity „ | 
any ſubſequent correQtions. Thus, i in taking an ahtitude, TY „„ 
jf the error in the obſerved angle be known, it may be 
5 corretted before any other calculation is made, and 
dus it cannot affect che height of the objett, or pervade | 
= any other part of the operation. _ i 
: But the theory of eſtimating proportional 3 in 
triangles affords ſome prattical inferences. Thus in 
the caſe of taking altitudes it is found, that when the 
obſerved angle is 430 an error in the obſervation affets 
+ the height of the object leſs than at any other altitude, 
aäangd this in the ratio of Radius zo double the Sine of the 
5 0 obſerved Angle; hence altitudes taken near the horizon 
or xenith are liable to greater errors than thofe taken at 
or near 45: but this is a ſubje& more N ber 
= TORE to the 1 ark of ns work. „„ 
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PART Tus SECOND. 


ihe NAUTICAL ASTRONOMY; 
BEING THE 


APPLICATION. or SPHERICS | 
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by, 


| sven AS FINDING. THE e ED 
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5 | | LONGITUDE, 46. 


. ava, or when ARE $OLYED BOTH BY | 1 57 5 
bs PROJECTION AND CALCULATION. 
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A COMPARATIVE VIEW OF THE MOST APPROVED | 
25 . METHODS OF WORKING 


TE” THE LUNAR QBSERVATIONS. | 
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STRON OMY i in general comprehends the the. 
oy of the univerſe and the primary laws of 5 
nature, and is therefore a mixed ſcience, compoſed of 

Fhyſics and Mathematics. Tg ed La 


: , _ 
- . : / 


— £0 7 


2. The Phyſical part of Aſtronomy treats of thoſe 
. laws of matter and motion which regulate | the various 
YM 5 e heavenly bodies. „ dr lr fl 
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. In The mathematical part of Aſtronomy determines ; 
Ig the quantity of either matter, ſpace, or motion; ſuch 5 
3 " aſcertaining the magnitudes, diſtances, periods, eclipſes, Wy 
and other pa rticulars of the heavenly bodies: and as theſe 8 
I - bodies are for the moſt part ſpherical, as well 5 
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IE SHELLS 


the expanſe j in which they appear to moye, = follows 1 85 
that the doctrine of ſpherics conſtitutes a principal part 03 

of the mathematics which 1s el in altronomy. „ . | 

ED Fs It is eaſy. to conceive, that in whatever part of © 


. univerſe a ſpeQator is placed, the heavenly bodies 
8 will appear to him as luminous BONG Hagen is-aiphenc eg 
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„„ NAUTICAL ASTRONOMY. 
ſurface. Some will appear different 'to others, both i in 


5 | | aſpet and magnitude. This may ariſe either from 4 


real difference of their magnitudes, or from their com- 5 


. parative diſtances from the place of obſeryation. But 


the eye. 


as the eye muſt ſee the ſame diſtance in every direction 

Where there is no obſtruftion, it follows that the extent 
of viſion all round is terminated by a concave ſurface 
| perfeAly ſpherical, the centre oF which 1 is the me of 


* 5 N 


55 -Abronamy 3 is © molly aiftinguiſhed into Solar or „ | 
T erreftrial, according to the ſuppoſed fituation of the 


2 6 ſpectator. Theſe diſtinctions, however, are equally 


founded upon the Copernican ſyſtem, as explained and 

confirmed by the diſcoveries of Kepler and Sir Iſaac 
| Newton, which ſyſtem alone can account for the various 
55 5 <2 8 tag and ee of the univerſe. 


6: By Solar deny is andaificed the appearance of 1 
the heavens as ſeen from the centre of the ſun. To an 
eye thus placed, the primary planets would be ſeen re- 
volving round the concave expanſe in orbits nearly cir- | 


cular and concentric, and in dire& motion within the 


Zodiac, but they would appear to move with different 
5 velocities; the ſatellites would be ſeen to revolve round 


heir primary planets reſpectively ; the comets would be 8 


ſeen to revolve round the ſun in very eccentric orbits' 


and in various and contrary directions, and the fixed _ 


conan only would always 1 8 immoveable. 


7. T, erreftrial Aſtronomy Cade, the cle appear: 
ances as ſeen from the earth. From this ſituation all 
the heavenly bodies ſeem to make an entire revolution 
| FO: Ealt to War in about a N but this apparent 


motion E 


„ 


' NAUTICAL ASTRONOMY. I 


cording to the order of the ſigns; ſometimes they are 


_ ſeen in retrograde. motion, . and ſometimes, Rationary. 


The ſecondary planets appear of courſe to move analo- 
gous to the primary; but theſe particulars, with. all 


the other doctrine and phenomena of the heavens, . can 


15 wy HE detailed in a as ſyſtem of e 


8. T he obje& 1 3 is to e that LATE of TerreC. | 
trial Aſtronomy, which teaches the projection and com- 
putation of the whole or any part of that ſpheric ſurface, 
or primum mobile, which inveſts the earth, and in which 
the heavenly bodies appear to. deſcribe great and leſſer | 


circles in every diurnal revolution. This concave ex- 
panſe is repreſented by the celeſtial globe, and being 


ſuppoſed concentric with the earth, it has correſpondent 15 
circles drawn 1 80 its ſurface. | 


by 3. 4 


TG As this- part of Terreſirial Ala is th ; 
by the dodtrine of ſpherics, it is ſometimes called Sphe- 
ric Aſtronomy, or the Aſtronomy of the Sphere. It is 
alſo called Nautical Aſtronomy, as the moſt important 
problems of navigation are either performed by, or 

: Gefluced ROMs OO ee - 


* 


| te The one great end of all nautical calculations is _ 
© find the place where the ſpip is. This is no more than 
to find the latitude and longitude, which is performed 
either by celeſtial obſervations, or by the dead reckoning 

5 that 155 neck from the log line and mariner com- 
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motion of the concave expanſe, or. primum mobile, | 
ariſes from the real motion of the earth round its 
axis, the ſun and fixed ſtars only appear to move 

| uniformly : the primary planets are ſometimes ſeen to 
move in direct motion, that is, from Weſt to Eaſt, ac- 
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8 NAUTICAL ASTRONOMY. 
1 Now almoſt all celeſtial obſervations depend n 


| ſpheric principles; and even the variation. of the com- 
TS is aſcertained by azimuths.and amplitudes, which 


are determined by pheric ſolutions. 1 


. In order to know we true präneicket 4 than: 
dation of ſuch aſtronomical problems, it will be ne- 


ceſſary to projet᷑t the ſphere, and then to conſider that 1 5 


part of it which is the ſubject of enquiry. The pro- 
jettions of the ſphere depend upon a proper application 


of the ſtereographic problems, and alſo a knowledge of 155 
the following points, circles, arcs, and angles of the 


ſphere; theſe are here defined preparatory to the pro- 


jedttions, although i it is preſumed that the learner is al- . | 


ready acquainted with the {rs of e and 185 
uſe of the 2 roge 755 5 | = 
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SECTION Me 


1 . * 


Senza. 
a : - : 


44 \ THE Centre of hs ſphere is a Point equiditan, 


from all arts: of its ſurface. „„ n 


DzrinrrIONs OF THE Parucinkr polurs or THE 8 


1 
: 


2. Zenith i is the vertical point of the bers hat is, 5 


the point r over head. 


8 Nadir is that under point of we ſphere damen. 


cally oppoſite to the zenith, 


k . 


4. Poles are two 6 points W 8 the 
[ore is ſuppoſed to move, and a right line drawn from 


N to 88 is called his axis. 


— 
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4 
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Poles 


- 


Poles of hs rape are pda nt 90 fr 


| noQial. "Al other circles K's have their — ( 


1 6. Cardinal Po Points are nay namely, 0 two. plat 


"i Equinoial . are * two e points a” 


the ſphere where the equinottial and the 'ecliptic inter- 


ſe@: theſe are the firſt points of Aries and: of Libra. 


The ſun appears to enter the former about the 2 1ſt f 


March, and the latter about the 23d of September. 
The days and nights are then of an equal length in all 


latitudes, whence theſe points are called the, ; <qUNOXedy, 


; one vernal and the other autumpal. 


7. Solftitial Points are two points of the S where : 


the ſun's declination is greateſt, both North and South. 


85 The northern or ſummer ſolſtice is the firſt point of 


Cancer, upon which the ſun appears to enter about the 


22d of June; and the ſouthern or winter ſolſtice is the _ 


firſt point of Capricorn, where the ſun enters about, 


5 the 22d of December. At thoſe ſeaſons the days and 


nights are moſt e ak the nearer the. . che 
1 che inequality. „ 
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SECTION. 1. 


rr or Cg Conte. 


: Fr EQUAT OR is. equidiſtant 4 both poles, CY 5 


Viding the ea + ho two equal parts. 
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| from i this 8 5 


- „ IOW ha 


' 


2 


N 2 VVV 


we ſolflitial points, = 


\fituations upon „ 


| 7 ages. Ce TY a nat 1: 
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2. Equinochial is a cirele of the celeſtial ſphere equi- 


diſtant from both nes: yy rot with the 


ee of the earth. 5 


— 


a. Meridians,: or Hour Circles, are circles 1 
lin, to the equator, and paſſing through the poles. Theſe 1 
are alſo called Circles 1 N 8 e, zan, and 3 of Wo - 


| Terreſtrial Longitude.” 


155 Felipe is the circle 3 which 5 n lee 
to move in a year. It cuts the equinoctial at an angle 
of 2ge 28“ nearly. It is divided into 12 _ . 
called N theſe are thus marked and named: 


Aries Taurus Gemini Cancer Leo Virgo. 
Cfd... rr a 


Libra Scorpio Sagittarius Capricornus Aquaria Ms 
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5. Solflitial cure is that meridian whi ch. bene es ro 


— 


"© „ Colure | is "ha. meridian. wich paſſes 


through the equinodtial points. e 


7. Circles of Coleftial Longitude tte e telt s Lircles per. 5 
| pendcar to the ecliptic paſſing through its WR 


8. n is "that great circle equally diſtant from Pl „ = 
r and nadir, and which divides the upper from the 5 
lower hemiſphere. This is called the rational Horizon, 
to diſtinguiſh it from the ſenſible Horizon, a lefler cir- 
| os, which terminates the \ view of a IpeQator | in certain 
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„ Azimuth, or Perrical Circle, are ire which pals. 
8 the zenith or nadir, and cut che horizon at 


N 
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10. Pins Vertical is that azimuth circle: which cuts ; 
the horizon i in the Eaſt and Weſt , FF 


41. The Azimuth Circle, which: is e to . : 
85 hs Prime Vertical, cuts the horizon in the North and 
South points, and is called the meridien of the place. (i 


5 The Meridian of the place is alſo called the Twelve , = 
_ o'Clock Hour Circle; and the great circle which is at 
| right angles with the apes is called the Six 0 Clock 0 


Hour Circle. F 5 e 
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SECTION 11. — 
„ | Dzr1x35i0Ns or Laces mere. VV 
N | PARALL ELS of Latitude are ; circles parallel! to 8 

the 5 on the earth. | 


. 


— Sy Parallels af Declination are  paralleh to the e equinoc- . 
. tial i in the . e FI i 


15 Parallels f cui! Latitude are parallel to the | 
| ecliptic: 


\ 8 ($423 DO. 


. Parallels of Altitade, or Almas lia are circles 

; parallel to the horizon. Such is the ſenſible horizon, 
Which bounds the view, and which is one of the moſt - + ” 
_ uſeful circles in aſtronomy ; for to this circle, which is '-  Þ 
the only apparent one, moſt of the celeſtial motions are [ 
referred; ſuch as the riſing and ſetting of the ſun and 
| lars, their apparent altitudes, with 9 ocher N „„ 

particulars. 58 „„ 15 


; 
! 
* 


— 


9 * * — — 2 2 . — ä * $ 
. S r 
— — l 
ö i o % 
« 4 Wet” i 


| 
| 
li 
; 


| gd toward the ſouth. 


LT! 8 c 5. 


| | 
* 

|; 

| 

: 


Py 


 NAUTT Al. ASTRONOMY: 
„ Gee is an almacanthar 18 nga b below 


we horizon whave the evilight begins- and; ends. 


0165 Topics are parallels of latitude 299 28“ on EL 


; fide of the equator: the tropic of Cancer toward the 


e and the pa of a toward the Sou OY 


Pole Crpchs are 23” 28 from the poles of the 
| wad; the Arctic circle e e, North, and oy 2 75 | 


n 3 


4 5 


NY AR 


» Dariwirions or. anerss AND | Ancs OF | Crneus, 5 


5 ALTIT UDE (of the Fo 1 Kc.) i is an are of 
dhe azimuth cirele between the objelt and the horizon. 


. Zenith Diſtance is the complement of het: e 
of an objeR. Or it is an arc of the azimuth circle 


; between ha objekt and the zenith. e 


3. Irin Altitude, ant RF IET IRE Zenith Diſtance, "od 
Lie altitude or zenith diſtance when che object i is on che 


| e of che 42 8 8 


| FR a + is an angle at the zenith Fd by the 
vertical or azimuth circle of any given object and the 


meridian of the place. The azimuth is meaſured by 
the arc of the horizon which is intercepted between the 
vertical cixcle of the ONE and the MEI of the f 
8 : 
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8 pm is an art taken between che Eaſt or Weſt 
points of the horizon and the centre of a celeſtial object 


at its riſing or ſetting. Or the Amplitude may be de- 


fined, an atigle at the” zenith contained between the 
prime vertical and an azimuth circle 'palſing Modes the” : 


"OFT at its riſing or feuding.” 
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8. Right Alcenfir on 1 an arc "of the Penn] meet. 
Ui between the ſun or ſtar's meridian, o or r place in in | 


I — the e and the firſt HR of Aries. : 
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fe" Oblique Alcenſon on is an arc of- the Sa inter- | 


"= between the firſt point of Aries and the callery 
„ of the horizon when the oe, is riſing. 
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8. Oblique Diſeinfios on is an arc 61 che air il. 
tercepted between the firſt point, or Aries, and the 
en point of the horizon when the objeltl is letting. | 
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9. Alcenſo fonat ' Difference is is an Arc of the cquiniotiial : 
intercepted. between the ſun or ſtar's meridian and that 


point of the equino8tial that riſes with the object. 


10. The Sum or Difference of the Right cell, fon, and 1 


Accu onal 3 is the e aſcenſion or deſeen- 0 
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11 POET is an are: of the awed n the 


cquinoctial and the object. If che object be on the 
North ſide of the equinottial it is called North Declina- 
1 5 on the e it is TENG! DOWN Dequaation-” . 
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12. Latitude of any. W or bieter in the 1 > 


is an arc of a circle of celeſtial longitude intercepted 
= 3: between the Pate and che N ROW it is ee 
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7 _ | NAUTICAL ASTRONOMY. 5 
Von of Beth Latitude : as the ne is North « or Souch 
S ecliptic. . . 


„ 1 _ Latitude 5 a lace 9 on he EE is an arc _ the 5 
„ 5 e d between the equator and the 2105 and cor 5 
| 1 with declination i in the heavens. . 5 
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14. Longitude of any point or objedd 1 in a 1 is 
an arc of the ecliptic intercepted between the firſt point 
of Aries and a circle of Ong: paſſing through that 
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1 16. Longitude of. a 9 8 on 0 ik Sith is an arc of We 5 
gcquator between a given meridian and the meridian ar 
the place. This arc of the equator meaſures its cor- 

reſponding angle of er at. the pole. | | 
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18 Hour of the Day i is an arc in | the licaverts ale 
bling an arc of longitude upon the earth. It is an arc 

7 1 of the equinoQial intercepted between the meridian of 
the place and the meridian which paſſes through the 
ſun's place. This arc meaſures the angle which thoſe 
two meridians make at the pole, and which 1s called the 
Horary Angle. The horary angle at 12 o'clock i is nothing, 
becauſe the meridian of the place and the ſun's meridian 
coincide. At 1 or 11 o'clock the horary angle is 15 

| © degrees. And thus the angle may be found by the time, 

Fi or the time by the angle. As 24 hours is to 360 de- 4 

5 | grees; 10 is any number of hours to the horary angles | il 
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or as 360 degrees is to 24 hours, ſo is any number PL 
| -dogrees to the hour of the day, in the ſame manner are - 
' longitude and time f converted i into each 
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1 17. 3 of the Pole i is an arc of th nian | 
] contained between the pole and the horizon. This are 
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Fae of the Zenith from the equinoſtial. 


18. Elongation i is the aging diſtance of a a planer from . 


the n as ſeen from the earth. ore 


19. * Bi is the arc 15 a great zeta; n 
ſmews the neareſt diſtance between the centre of the 
moon and the centre of the ſun or a ſtar, 5 | 


20. Obliquity of the Edliptic is the angle ns by the 


| InterſeQion of the equator and ecliptic, and is mea- 


ſured by the intercepted arc of the ſolſtitial colure; 


which arc is the ſun's greateſt declination, and is now 
239 28 nearly, The obliquity of the WIR is found 
19 decreaſe about 4 > cone annually. , 7 


OY . Diurnal Ares are thoſe parts of the - ot 
+ declination of any celeſtial object deſcribed between the 
times of its riſing and ſetting. And Nocturnal Arcs 
are the remaining arcs of thoſe leſſer circles which are 
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=" I 1 equal to the latitude of che place, « or the ail. : 


1 8 aa from the time of ſetting to the time of riſing. rg 


5 22. ' Semi-diurnal and Semi-nofurnal . are 1 dan 
of the Diurnal and Nocturnal Arcs. The Semi- diurnal 


Arc is meaſured by the correſponding part of the equa- 
tor, which ſhews the time between noon and the riſing - 


In the ſame manner the ſemi-- _. 


or ſetting of the ſun. * 


notturnal arc is meaſured by its correſponding arc of 


the equator. The degrees of any arc on the equator. 


are turned into time by the hour circle, or may be con- 
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1 2 | , CAL TERMS, WHICH. DO NOT COME UNDER THE 
3 DkscRIPTIoN oF PornTs, Cinxcrks, Ancs, on 
5  AnGLes or THE SPREAL. „ 15 


- 8 E " ABERRATION, + an apparent r motion or kgs” * 
. place in the heavenly bodies, occaſioned by the pro- 
. greſſive motion of light combined with the Far s annual 


— 72 


wotion in its orbit. 


F its orbit. It is 5 into mean, n and 


| 
5 : ” mals; an irregularity i in the motion of a planet ir in 
| 
| . 15 C 


[ CH 5 ee, or Pr } "OS is "uk A er which x woula 
ll take place if the planet moved uniformly i in the circum- 
1 | : 

= 1 ference. or. a circle. | | | 


V ee ay is an arc 0 88 be hs Apo _ 
| ge, or Aphelion, and a line drawn from the centre of. 

ö ts planet's orbit through the planet, and continued to . . 

„„ che length of half the line of . ; : 


= | 7 rue or round Anomaly i is the true diene 7 a planet | 

1 . Har its aphelion. Or it is the angle formed at the fun _ 
by a line drawn from the ſun to the planet, and by the 

line of 1 ; the former line is n the Ups: 
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BY: Ane ee the apparent motion of a planet from 
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it is neareſt to the ſun, is called the: Peribelian. 


© _ Apogee, or Apogeon, that point in the orbit. of the 2 | 
; 3 &c. in which it is at its greateſt diſtance from 
the earth. The oppoſite point of the orbit, in which i ; 


is at its neareſt diſtance, is called the Feri. : 


the Apbelion or rpg and: hes MAE, the TAO or . 
N 15 


Ae diameter of the. <p or orbit of the planet. 


15 The Apogee of the ſun i is the ſame as the . of Te 
So earth, and the e of the ſun the. fame as te. th 


Feribelion of the earth. 


. or  Apſides, are the two the in the Grbie of 2 5 = 
„ planet where it is at its greateſt or leaſt diſtance from the 
ſun or earth. The fartheſt is called the higher Apfis, and 


the neareſt the lower Apis. The former is moſtly called 
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A e « or - dings kind 6 joins thele | two > points 5 


is called the Line of Apfides. It is the longeſt or tranſ- 


Aller Spbere, an 1 8 ond 9 25 a 


number of circles, which repreſent the ſeveral great 


0 and leſſer circles, &c. of the univerſe, fuck as are de- 
Fo fined i in the foregoing Sections. 5 | 


_ Attrafion, or Grevitatien: is that unive rfal property : 


* matter by which all . mutually tend to een 


* Jö;öĩ . a 5 | 


- The principle or " us iy Mick: two 1 eng to 
unite is always. in a ratio dire#ly as their maſs, and in- 
8 eh 'as the 9 9 5 their tons under. This law of 
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1 or Apbelium, that point in the orbit of the 
. 1 a planet in which it is at at the greateſt diſtance - 
From the ſun. The oppoſite point of the wee in nn 1 


598 


5 # 
3 
— — egy. . rn — — — _ - — wh, K — 
pong J ] Ümm ⁊xͤk e I GT 
1 A . 8 


* 


4 
1 
9966 oa who 
8 


— £ 
. 
- — —¾—B — 
— — — — 
e of R 
. us Wolf fat 
een eee 


n 7 2 —— - 
. 8 2 
— 


— 
S 


0 
ay ran egy rr 
2 


* 
35 mg. 2 
ä —— — 


_— 
n 


v 
L bs AS II, re. 
r n LE yg 

— res EE Thar Gon et mtr age 


F 
. 


8 
n 


3 


17 
we 
* 
3] 
#1 
1 
A 
FL 
1 
41 
J 
0 
75 
5 
9 


— 5 
SS 1 — 0 5 3 lng 5 7 i * Ao ATE. en 4 — 
We * D err We er E Ne 
Ne e ee eee a eee TTTTTTJTTCVTTCCCCCCCcCC Ir OS 
9 pole! res r fs OLA N we - hom FLIES! en 


Lo WI 
N 
N 


. 8 = 3 
r „ eee T7 
It 


+ a; 
nun, 


. 4 7 
Ly 1 ” * 
———ñͤ ͤ ͥ ͥ́ 2—ö 4 — — — 2 — 
» SE 


— fuer vw" <A 
rr 
wh mp b "oe 4 . — Bug us nyt ere INT > gt nt 
LIT {5s 1ST OS COD IE AN im het FT ov) : & 2 23 
cee e e et WEE, eee eee 2 2 


— — 0 0 —— 5·w- Tt 
RR 8 — 
. Lo ads? ES FER. 


= - 4 
SEES & 
i . 
* % "Hd 
5 


; 1 VUrICAL "ASTRONOMY. 


and meeting with no reſiſtance, will for ever move in 
the fame direction, form the __— of the motion of 
the heavenly b bodies. eee ou 


* 


5 * Gemtre of Attraffion | is the peine to H bodies "= 
= by their gravity, or that point to which a revolving 
plwKksnet or comet is impelled or attrakted oy 58 8 or 
| N of gravitation. | 


—— 


; Centrifugal Firce i is Fort this We KY 9 a. 8 
1 body endeavours to fly off or recede from its centre of 

aàttraction. This is ſuppoſed the original impetus given 
to thoſe bodies by which each would fly off in a direct 

line or tangent if not Leute rafled bs the power of at- 
= traction. 


f tal SR is . force: by hich a moving 
ny is drawn toward the centre of attraQtion. 


The nd: and counterakting effects + centri- 
fugal and centripetal forces conſtitute the principles - 
which regulate the motions of the planets. If theſe 


would be circular; but it is found that their powers 
preponderate reciprocally, and therefore the orbits of 
the planets are elliptical and of various eccentricities. 
The following tio general laws Re: all their x mo. 
h tions, ys | | „ 
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ift. 7 be planets de rü equal or areas in equal th Limes. uk 4; 


2d. The ſquares of the times of the revolutions of the pla- 
nets are in e to the ae of their ai Wer from the 
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gravitation, and that by which a body put into motion, | 


forces were equal, the orbits of the heavenly bodies 
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Cumete, certain bodies which move round che ſun in 
1 eccentric orbits and in various directions. They 


are diſtinguiſhed from the planets by their eccentricity, 


as well as by their tails, 1 are of e W 
* | 


* Comjundion 15 when two | heavenly halle en N 


the ſun or the earth, appear in the ſame degred of the 


- 1 


; Gafeliation is a. number. = 1255 lying contiguous, 


which aſtronomers, to aid the memory, ſuppole to be 


circumſcribed by the outlines of ſome ne or other 
. e. : „ 


Cofmical riſing or letting of che ban is when they riſe 
or ſet with the ſun. 2 


* Conſequentia, a direli e n of the plane a6 c - 
to the order of the ſigns, as FOO Aries towards Taurus: 18 


4 


Cutting, a term 3 to a celeſtial objekt when' 


it comes to the meridian of a place. 


A ſome certain number of revolutions of a bes- > 


voy 1 8 + Po Ee 


cle of the Mohr” a e of nineteen years, at the | 


hd of which time the lunar aſpects, conjunctions, &c. 
- commence, and continue nearly the ſame as they were 


the nineteen years before. The lunar cycle i is alſo called 
the Metonic Cycle, from Meton, the Dane of the in- 


ventor. 


. 5 the Sur, Aa 1 of 28 years, in abi all E 
the varieties of. the domimical letters happen, and then 


return; in the ene order as 1 did 5 years, before. 
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Dai; ( native] ) the time in which the earth compleats 


one entire revolution Wen its Ls 


Day C artificial ) the time between the far? $ riſing and 


Day 1 GHronomical, or folar S the time 7" TAR two 
ſucceſſive tranſits of the ſun's. centre over the ſame e. 
ridian, which always takes place at noon. 


| Day, 0 15 deral) is that portion of time cen to 
fücceſhve tranfits of a ſtar over the ſame meridian. The 


ſideral day is 3' 56% 5 leſs than a ſolar day : for in this 


time the ſun appears to move 59' 8“ 3 in the ecliptic, 


1 which is its daily progreſs; whereas the ſtar has no mo- 
1 tion in che ecliptic either real or apparent. 95 


Dit, che face of che ſun or moon, which a appears flat 
on account of 1 its immenſe diſtance, ' ” 7 


| Digit, the twelfth: part of the ſun or moon's diameter, 
a term Foray uſed ; in computing eclipſts. 5 


3 Letter is one 5 the firſt ſeven letters of The: 


alphabet, uſed 1 in SUANACS, Kc. to diſtinguiſn the SUR 
days. ET | 


. 


Eccentricity, he ane 8 the "LEY of an el 


5 lipſis and its centre. The orbits of the planets and | 


comets are elliptical, and the ſun is always in one of 
the foci; hence the greater the diſproportion between 


| the tranſycrſe and conjugate diameters of the ellipſis, . 
the greater the 7 | | 


Etlipſe of the dun, an obltruklion of his light, OCCa- 


| 15 0 by the 8 of che moon 46:30 ai Ay fin 
; and earth, 


Naurte sl ASTRONOMY. „ 


Fel of the Moon, an obſtruQion of her light, occa- 
| fioned Py the interpoſition of the earth between the ſun 


\ * 


| 5 eclipſe of the fm: can ot bappen hou hs time 
volk new moon, and an eclipſe of the moon about the 
| time of full moon. | 


The 85 that there is not an ple at every oppo- 
ſition and conjunction of the ſun and moon, is the ob- 
liquity or inclination of the plane of the moon's orbit - 
to that of the ecliptic, which is about 5 The t WW 
points of interſection of the orbits of the ſun and moon 
are called the nodes; and an eclipſe can only happen 
at a conjunction or Ppontien s the moon is in on” 
near her e | | 


4 


- Ellbofi 1, of Oval, a Te Pe” hy eine a cone 
obliquely to its axis, ſo as not to touch the vertex or 
the baſe, The orbits of the primary and ſecondar7 

' planets, and of the comets, are ellipſes. more or lefs 
Eccentric. 8 . 


F 


Epah, the moon's age at the Re of the year, or r the 
difference between a lunar and ſolar year. ; 


f 


Equations, certain quantities by which the inequalities' 
: of the motions of a a Planet are eſtimated. 


Manatlons of the moon are more numerous u thoſs | 
of uy mag In ng ſubject to more das - 5 


Fgaation of Time is the difference beter apparent 8 
| tne and equal time, or the difference between à perfe « 
time-keeper and a ſun-dial. This: difference between 
mean ne Irv time is | pho er by the combined Ke 


wy ns. LH; NAUTICAL ASTRONOMY. 
| of 3 obliquity of the ecliptic 5 the eccentricity « of 
dhe earth 8 . e 


'B eus, one of the centres of an ellipfs. : 


; Galaxy, or the Milky Way, a large 77> zone or 
ee band which encompaſſes the heavens. This 
vis attributed by Herſebel and others to the cloſeneſs of 

the ſtars; but La Lande ſeems to think that there is 
'  befide theſe nebulæ a luminous matter, which contri- 
butes to illuminate or whiten theſe parts. 1 5 5 
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+ Geacentric Place of a planet is its place i in the ecliptic 
as Teen from the earth. 


CY 


Solis 1 is the Aber of years clapſed in the 
lunar cyele, proceeding from 1 to 19, and is uſed to 
N mw the age of the moon. 
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Heliacal Setting of a ſtar is when it is «Gb immerged i in 
che ſun's rays as to be inviſible ; at ſun-ſet. 
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Heliocemric place of a a planet is its place 1 in the ecliptic 
\ as ſeen from the ſun... | 
Inferior Planet. are thoſe which move within the otba - 
of the earth, as Mercury and Venus. The Superior 
planets are thoſe without the orbit of the n as Mars, 


Jupiter, urn, and Georgian. | LS 


888 
* IT 
* 


* 9 
— — 


* 
8 


— —— os 
8 


4 


uferior Gen e of a planet is 8 it is between 
the earth and the ſun. Superior Conjundtion, when the 
un is between the earth and the planet. Venus, Ju- 
5 piter, Kc. are evening ſtars bon the time of inferior 

Ok, „ conjunktion, 


* 
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conjundtion, and morving ftars about the time of ſupe- 
rior conjunction. 5 ; 


r 
p N 

N : — 
1 


* 


| | Magnitudes of the fixed Rage theix bent aac 0 
= ſizes, which is probably cauſed by their diſtances. They 
are claſſed into ſeven magnitudes; the largeſt are called „ 
the ſtars of the firſt magnitude, the next ſize are „ 
ſtars of the ſecond, and ſo on. The magnitudes are 1 
; diſtinguiſhed in the artificial globe by: the ſeven ng 
letters of the Greek AN: 


dw Cel, or Mid Heaven of any place; is. 1 | 
degree of the ecliptic over the meridian of that place. 1 
Or the Mid Heaven is the e the TINS from „ 
the firſt Joe of An VNV 8 


BY Month, a meaſure 955 time, and i is eicher perioflical 
Fynodical, or ſolar, 


<A. Pariadical (ſometimes ai a Lunar -) Month, is ke 
the time the moon takes in revolving from one point of 
her orbit to the ſame PL a and conſiſts of 27 d. 


7h. 48 m. : 


— 


e Month i 1s the time between one conjunction : | 
of the ſun and moon and another, which is 29 d. 12h. 
44m. This difference of 2d, 5 h. 1m. between the 
ſynodical and periodical month is occaſioned. by the OS 
earth's annual motion in the ecliptie. For while the 
moon is paſſing from her former conjunction with the 
ſun round again to the ſame point of her orbit, the earth 
has proceeded forward in its annual courſe, leaving the 
moon as it were behind it; ſo that in order to compleat 
her next conjunction with the ſun, the moon muſt pro- 
| ceed nearly 32 degrees further, in her orbit. 
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4 Solar (or Calendar ) Month, is the time which the 


at takes to move through one 85 the ſigns of the 20- 
diac, which at a mean 18 about 302 degrees 
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| Nebule, cluſters of ſmall ſtars which have been chiefly | 
diſcovered. by the teleſcope : Tay. are lo called from 
e Flondy appearance. „„ 


* 


Modes, two oppoſite points where the orbit of a planet : 
3 -jnterſefts the plane of the ecliptic. 5 
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Mutation, or Deviation, a certain tremulous motion of 
the earth's axis, which makes the: fixed ſtars appear to 
change their poſitions about 9”; its period is eighteen 
years. This effect is a by the attraQtion of the 
moon on the earth, nearly in the ſame manner that the 
preceſſion of the equinoxes is cauſed by the joint ae 
ion of both the ſun and moon. SY. 
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Et.  Nonagef "Of Degree, the higheſt point of FR 0 | 
a4ääladtꝗ any given time, and is go* from its interſection with 
de eaſtern or weſtern points of the horizon. „ 
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Orbit, che path of a planet! in its annual courſe. | 
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1 5 | 5 . 5 18 the difference of the place of any e 
ns object, as ſeen from the ſurface or from the centre, of 
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\ A e earth. 
Ul Parallax i in Aluitude means the effect in any given al. 


= 1. | ritude. | See Reæfradtion. 


A Ae Parallax is the ele os paraljax in the 
wa. horizon. VVV 8 : 
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10 5 E Hale ax of the e Py orbit is the angle at 
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. een a faint ſhadow which borders or ſurrounds 
N dark ſhade caſt 15 an eclipſe. 


Perigeon, Fes point of a planet's SEO in which the 0 i 


planet i is at its leaſt diſtance from che earth 


Peribelion, chat point of a W orbit i in which be 
plates is at its leaſt diſtance kram the ſun. 5 


Phaſes, the different appearances of the moon or TY 
nets, according as more or leſs of their illuminated 
5 hemiſpheres are Pente to the ſight, e ” 


Planets, bodies revolving within the ſolar fyſtem. 


Primary Planets, bodies that regard the fun as the 
Centre of their motions. | 


* 


en Planets; thoſe bodies which regard. the pr: : 


mary planets as their centres of MIC 


 Preeeſſion 5 FI 3 a motion of the two points | 
where the equator interſects the ecliptic. Theſe equi- x 


nottial points are found to go backward about 50 ſe- 


conds every year, or one degree 1 In 72 years, ſo that in 


the ſpace of 2160 years theſe points change a whole ſigh 
in the zodiac, and in 2 5920 years return to the ſame 


point, pref ng 6 what 1 is called the e e Pe. 


riod. 


by 
; 8 


Primum A that 1 85 concave expanſe or 1 


»hich appears to turn round the earth as a centre every 
BY hours, and to carry with 1 it all the DE bodies. 


Refraction is a bending W the rays of light ſuffer 
in daes through mediums of different denſities, 
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. Both Refracrion aud Parallax produce the rants hel at 


15 Ms horizon, and theſe effet#s gradually diminifh to the zenith, 


- -  Seculer Motion is the quantity which a planet at the 


_ wobere they become nothing. Refraction makes bodies ap pear. 
Þhi gher than they Wy 1 and ene Ones 985 1 
1⁰ WET: „ 1 


end of ſome ages is more or leſs advanced than it would 
be, if the annual revolutions had been always the ſame. 
Theſe ſecular inequalities are chiefly l in 
oy Jupiter, and the Moon. = 


5 Staro, thoſe 5 which 9 by their own lights 


: and remain Hxed or n | 


F 


The ſtars : are not all in Wel . ſome change” 
their poſitions: and aſpefts at different periods: new 


ones appear and old ones diſappear : others appear and 


diſappear at ſtated times, and are called periodical ſtars: 


ſome are double, others are in cluſters, and ye a 


White appearance to that e of che heavens where they - 
are ſeen. i See n, | 


Beide che real changes i in the poſitions of ſome ſtars, 


| [ all haye apparent changes of place from Aberration, Nu 


tation, and Parallax, 5 = ? 


" &y zigies, thole points of the moon's orbit in which the. : 


is at the time of conjunction and op pORAGHs 0 or at the 
time of new and full moon. 


2 Na or 1 1 Fer, a yo ſuppoſed to be 
drawn from any planet to the ſun, which Nine with 
the planet Wfetites equal areas in equals times. 


Year, 


'F 


*s 


in the ecliptic to the ſame ſtar again 18 365 d. 6 h. A 11”, 


_ NAUTICAL ASTRONOMY. 5 
Tear, the principal meaſure of time, which is the 


8 taken up by the ſun in making its apparent revo- 
8 lution N the twelve ſigns 2 the Zodiac, | 


The time which the ſun takes | in moving from any ſtar 


| ; and 1 is called a Sideral Year, e | 1 


The time which the ſun ON. in moving from one 
equinoctial point in the ecliptic to the ſame point again 
is 365d. Sh. 48' 4 805 and this is the common, or Solar 
. 1 p 


The Bide year being ſhorter thim the gde by: as - 
| #3", ſhews that the ſun comes to the ſame point again 
in the ecliptic before he has made a complete revolu- 
tion with regard to the ſtars; ; conſequently the equinoc- 
tial point, and indeed every point of the ecliptic, muſt 
have moved backward, or in antecedentia, and this mo- 
tion is called the Preceſſion of the Equinoxes. This 
20 230% of time turned into minutes and ſeconds of the 
great circle of the ecliptic will be 500 3“ nearly, Which 
is the annual preceſſion of the equinoAial point. Thus, 
G as 365 d. 6h. 9 110 : 360" :; 20 23: 50 3". | 


* : : ' 


The Lunar 25 zar, aſks by ſome of the ancients, was 
12 moons, about 354 days. i „ . 


5 Woes a zone or girdle of hou 185 broad, which 
ſurrounds the heavens, and in the middle of which is 
the ecliptic. The orbits of the planets are contained 
within the 9 )) oo Jen oY 


Bs 


Zone is a Arie of the terreſtrial- globe. contained 8 
berween two parallels of latitude. | | . 
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There are five Zones; two. > HIS two temperate, 
and one torrid. 5 VV 


5 TED . The 1 Zones 1 each 234 L from the poles. 15 


be Tarid Zone extends 235 + + nearly e on each fide 
of the equator. 5 : | 
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[= The Temperate Cones are dane ſpaces between the 
Toa and the torrid. 1 | 
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LL be Hows will ad it greatly to "os . to Tat be 
. Joregoing Definitions all by heart, as well as the following 
Table: this will not only facilitate the acquifition of the ſub- 
' ſequent part of this. work, but will be bighly uſe eful as pre- 
185 to the aid E a 5 men f 8 
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A TABLE of the PERIODS, &c. of the Planets. 
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Annual Period round the Jun. Diornal 3 No of 


1 on its Axis. 1 8 


i 28 N | _ | 
F Sular Year. | Sideral Year. 
„ „5 „„ 
1122 1 ——3—3—＋Sblð Jones — — — — — 
UT. + d. h. min, ſec. | d. h. min. ſe e. W 
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Earth 5 365 5 48 48 365 8 mee, 24 hours. Hd By 
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A TABLE of the MacnrTupes, Durance &e. of the | 
Planets. 1 5 | 
e Ss TDi. N : „ 


3 Comparative Size 
ene Tel "Mite rg with TIP to the Earth. 


— 


7 

= 

= 
. e 


887693 28602 nearly 1700858 times as 


Sun wy 
i arge. a 


[Mercury 36668373 | 3241 o,064 56 the 15th pars 1 


— — . — 


. 68518044 = 038 AD Wa leſs by one ninth - 85 
[Earth "04733846 | 7oba fn on 
{Moon f. S 2390800 2174 | 0,02036] the 49th 8 t. 
[Mars | 144588575] 4142 | 0,1406| the ſeventh part 
„Popiter 4 492665207 i 86488 281, 300 times as large 


Zeorgian 1822568000] 34500 | $0.49 472 — ne large 


A TABLE of the Cen ir 


1 Ws VEN 2 * — 


| 8 Number Num- | Magnitudes, 8 
1 of Con- ber of — 
üoVĩ ſtellations] Stars. x | 13 11 vl Vr vII 
la the Zodiac F. 12 894 | (12 38 1oo[r69] 569 
Northern Conſtellations | 36 | 1243] 5 21] 9212001291) 639 | 
Southern Conſtellations 32 f # 706 9 32] 75 18 5188 217 
Number of Stars in the 8 | = I - 1 
Relations „„ 5 3 43 20055 3 4850548 1420 
a — — v2 — 1 


The above 284 3 ſtars are thoſe ay which are oi ble to the TIT 
eye, but the number of teleſcopic ſtars encreaſes with the magnifying. 
| power of the inſtrument. | 
Dr. Herſchel, with a teleſcope which magnifies about 5000 times, 
reckoned 44050 ſtars, in the ſpace of ſix degrees i in length and three 
iy breadth ; this would make 75 millions in the Whole heavens, if all 
| the « other Pu Em Mars: in the lame Pane | 
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t 8 ECTION VII. 


Wenner, or THE SPHERE. : 

„ order to obtain the moſt clear and comprehen- 
five idea of the various projettions of the ſphere, a 
celeſtial globe ſhould be ſet in a poſition to correſpond 


o 
=. 0 gta wavy r — — 22 — — * 5 — * - 0 ; n — — 
. . = CERES A — erent — = —.— ET 
SEPT © 2 2 Se >” ry Ke, 8 2 e e eee 


1 With each projection, (ſee page 28 and 42.) This me- 

i ' thod will be found well calculated to ſimplify the ſtudy _ 
17 of ſpheric aſtronomy, and notwithſtanding the great and 
i; | obvious utility of ſuch an illuſtration, no writer on the 

al | ſubje& has hitherto availed.himſelf of it in any regular 

i | or ſyſtematic Way. | . 


| * 2. The poſitions of a cas are e generally diftinguiſhed | 
: into Right, Ovlique, and Parallel. | | 


20S A Right Sphere is 1 a meridian circle: coincides 5 
with the horizon, and the zenith and the nadir are in 


oppoſes points of the equator. See FI Ig. 36 


1 An Oblique Sphere i 18 when one pole is la | 
above the horizon, and the other e below it. . 
See Fig. 36 Or 38. 5 5 8 | i 


1 


E A Parallel Wie 18 wine the equator 3 
with the horizon, and the POT. are the zenith, and Na 


dir. See RR 


6. In projecting the 8 in any of thoſe poſitions, 
7 ine primitive circle may repreſent that great circle 
Which coincides with the horizon. Thus a right ſphere 
is ſaid to be projeBed on the Plane of the meridian, an 
: | : e 5 


N 


# 
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obliane ſphere upon the plane of the horizon, (of he given 
latitude) and a parallel ſphere upon the plane of the equa= 
tor. Theſe circles coincide with the wooden horizon 
on a Siode ſet in any of che ſaid poſitions. : 


The projection of the ſphere upon the "nal of a 
meridian circle is generally found the moſt ſimple. and 
convenient. It is not neceſſary, however, that the 
primitive circle ſhould always repreſent the meridian. 
which coincides with the wooden horizon on the globe; 
for in an obligue ſphere this projeftion is uſed with equal Th 
advantage. Thus by elevating the pole and viewing 
the globe ſideways, the meridian circle which coincides 

with the brazen meridian may be repreſented by the 
primitive circle in the projettion, and the eye is here 
| ſuppoſed in that part of the equator which croſſes the: 
horizon. In Fig. 35, if the primitive or meridian circle. 
SEP be ſuppoſed to coincide with the horizon (as a 
right ſphere) the centre ꝙ is the zenith; but if the ſame 
circle be ſuppoſed to coincide with the brazen meridian, 
and the pole P be elevated to the latitude 1 then 2. 
85 will BY the zenith and N che nadir. - . 
PR OJE CTI 10 N ie. 35 
; To Net the Sphere upon the Plane of a Meridian, Juppoſe 
that which coincides with the Solftitial Colure, es 


* che ſolſtitial „ iS firſt Jew as the primi- : 
tive circle, .and the COONS point is the ee of the 
9 „ | „ 125 


; 


1. With the ſweep of 60 005 the line of chords de 
ſcribe the primitive circle PES O. This W ON the 
ſolſtitial colure, the centre or of which is v. 


IP I ; 3 5 KEE 5 5 
| | . 5 „„ Draw. 
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2. Draw the diameter or right circle EQ as an equs- 
tor, and at right angles to it draw the equinoctial colure 
PS. This ſign may alſo repreſent the axis of the globe, 


the extremities of Which are P and: Sz the en and 


| wy 1 Zo 


Sx 


3. 2 0 draw the Meridians « or Hour ci. „ 


Let che diameter E O be produced as a line of mea- 


ſures. 85 off from the centre both ways the tan- 


_ gents 159 30 „ 45% 60, Net reſpeRtively, and they 


| | Will give the centres of circles to be deſcribed through 


P and S, or the ſecants 13, 30% &c. will give the 
radius of each circle (Prob. 6, rage 35) : 


Theſe circles will cut the equator in points PTY 


ing the 24 hours, the primitive or ſolſtitial colure being 
- the 12 o'clock hour circle, and PS the equinoQial co- 
lure the 6 0 e hour circle. ; 


4 7 0 drew the Parallel f Latitude or of Dedlination, 


Let PS be produced as a line of e. Then . 
Pay the apron parallels of latitude or declination 
ö ee De 10” aſunder. 5 

Fd che centre a lay off he ſemi-tangents 10? „ 20% 
4 ED Kc. both ways, on PS. G 1 
From 2 and P lay off the chords 109% 209, 30% Kc. 

both ways on the primitive. 
© Then the tangent of the complems 10% 200, OO 
6 will be the radius of each leſſer circle . 


Or, The Jocant of the complement of 18 209% 30 


Ke. reſpectively, laid off from the centre both ways 
SET, 7 7 5 on 


. 


. NAUTICAL ASTRONOMY. 25 
on PS.. the line of meaſures, will give the centres . | 

. each correſponding parallel of declination (cx1v.) Thus 
are the leſſer circles 10, 10, 20, 20, &c. drawn. 


By the ſame rule the tropics. 5 a and 1 b are drawn 
0 _ ＋ on each tide the equator. Allo | 15 - | 


The le circles. cc and dd at 662 30 on Rn ade 5 
che equator. 


WP | 


Here the angle which 9 5 equator makes with the" 

_ ecliptic is taken as 23 £, which is two minutes too 
much; but this difference e can. ſearcely be perceived i 1 
| the projeftion. : | 


5. To draw the Eeliptic. ee e 
Lay off the chord 239 4 + from Qt to we, and from * 


to 5 on e 


Through the centre v Is the 1 ae 25 1. 
which will repreſent the ecliptic. Its poles are c and d, 
which are the interſeQions of ns Polar cireles with 5 „% rin 

 folftitial colure. 8 e 15 ä 1 


85 To lay of the Si igns upon the E diptic 


The ſemi-tangent 302 and 600 laid off each way: from 
the centre Y towards S and eee will Siwe 
the * of the ſigns. : 


7. "T4 0 draw Circles of Celefial Longi Ns 45 as 0 P ” 


"Lex = iy be continued as a line of „ Then 
through c and d, the poles of the ecliptic, deſcribkee 
circles. ſuch as c & d in the ſame manner as the hour 5 
circles were drawn through Pp 30G 8. 
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The circle c x - d is deſcribed with the ſecant 659. ; ; 
and therefore ſes through the ſigns = = and 1. By 


this N alſo the ſigns of the ecliptic might be found. | 


8. To draw Parallels of Celeſtial Latitude. | 


Theſe are lefſer circles drawn parallel to the clic 


15 the ſame manner that parallels of terreſtrial ae 
are e n to the We 


. 4 0 draw the Horizon or Latitude 5 1 5 300. 


Lay off the chord 519 30 "from: E to Z and from Q 10 
Nx. Draw ZN and HR at right angles to it. . 


Then HR repreſerits the horizon, Z the zenith; and 


5 N the nadir, and e circle 2 1 the ee of che 
85 place. 5 | 5 


10. To drow Azimuth Circles, as 2 A N ox 


. or ere cizcles are deſcribed like hour 


W to make any given angles with the meridian. 


the meridian. 


The great ice. Z N being at right dies with the 


3 
3 


| 1 2. T 0 draw Alticantbars or Parallels 1 Altirade. 


Alldcantars are drawn parallel to the horizon H R, 5 
in the ſame manner as circles of declination are drawn 
parallel to the equator; but theſe and parallels of ce- 
leſtial latitude are here eee as tending 0 much | 
to crowd the «rat : 


— 


Thus Z AN is deſcribed to make an b oy 90? with 


| as N is the azimuth eireler called the Prime . 5 


< 
„ 
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PROJECTION rie. 36. 


| To proj the Sphere upon the Plane of the Horizon 2 Lau. e 


tude $29: 30 North. DL 


| I a abs be ſet to the above Mien ns turned 
till the equinottial points Y and & coincide with the 
wooden horizon, and the northern portion of the eclip- 


tic be uppermoſt; the problem is to deſcribe the circles | 


of the upper hemiſphere of the woe? in this e 7 


1. Todraw the horizon. 


With the ſweep. of 60 Toon the line of hors . 


ſcribe the primitive circle x11 E x11 Q, which repre- 
ſents the horizon, where the upper x11 is the North, 
the lower x11 the South, E the Weſt, and Q the Eaſt... 
on; L the place of the eye and allo the zenith, 


2. To 0 draw Azimuth Circles, - SS 


Great circles paſſing through Z the nich 3 cut- 
ting the horizon at right angles, are azimuth circles. 


Thus X11 X11 is an azimuth circle and the meridian of 
the place, or. 12 o'clock hour circle; EQ is another 


azimuth circle, which being at EINE angl 50 with the _ 


meridian i is the prime vertical, 


3. To find the Narth Pole . 


The ſemi-tangent of 38 905 he caveat of the.” 
. latitude 51 go, laid off from Z toward the upper = 
will give P the pole. : 4 | 


DE To draw the Six 0 Clock Hour Circles E P FRY 


- As this circle makes an angle with the horizon or 
| prmiuye equal to the latitude of the place, let the ſe- 
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cant 51? 30“ be laid off from P to G on the line of 
meaſures; then is G the centre of the fix o'clock hour 


circle EP, or the tan. of the lat. will extend from Zz. 
to ns | Hence PG is the radius of the arc EP 'Q. 


6. = 0 draw . other Hour Circles. | : 


Here E PQ muſt be cacaived an arc oof a e N 


ha civil; PG its radius, and Gahed a line of meaſures 
upon which the centres of the hour rie mult be 
found. | | 


— 


; , a 
ger” 5 x 5 ＋ - 
þ £ £ (EPA 8 — 
— - * N 
— : * 


bl 


And as the hour decks « are 15 degrees aſunder, the 


hour circle VP at the Weſt fide muſt cut the ſuppoſed 


Primitive EP in P, fo as to make an angle of 15“. 


The next circle Lv P muſt make an angle of 895 WHEY, | 


Bar as the radius GP of this primitive is greater than 
the line of chords on the Gunter, the centres a, b, &c, 


of the hour circles muſt be en IF: eicher of the two 


TINTING methods. 


N 2 e of Aamir“ the Eur Circles c by the Sector. ) | 


Open the ſeQor till the points 459 and 45 of the 
" nents be the diſtance of GP ue 0 LXXX . 


Then the tranſverſe of the tangents 1 59 and 1 Sy laid 
off from G, will extend to a on the line of meaſures, 
and a will be the centre of the hour circle VPV. 


In the ſame manner the tranſverſe 305 20® will exend 
een G to b; that of 4545 from G to c, the. centres 


| of Iv Px Iv. and 1 PIII. Then 


5 - 8 . 4 * 
2 A M7 © My i * 
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To find the centres of 60 and 73 The ſeftor muſt. 
| FE. opened until the radius P G will extend tranſverſely 


from 45 to 45* on the upper tangents (xc). Then the 5 
tranſverſe 60? 60 of theſe lines will extend from G to 


d on the line of meaſures, and d will be the centre of 
the hour circle i n | a | 


In the ſame manner ch tranſverſe” 735 759 on the 


5 upper tangents vill find the centre of the hour cirele 


| 5 1 15 en centre goes beyond the limits of the N 5 


The centres a, b, c, Ec. Sg and. on one e fide of 
. they may be meaſured at the ſame diſtances on the 
other ſide, or they my be aw off on por ſides of G at 
ie ſame time. - TE, ER \ 


. t 4 
4 


A nother method of towing 1 the Har: Circles 0 2 Gunter s 
Scale ). | 


With che ſweep of 60 Hoare "IPA the ſcale of chants; 
2 wand Pas a centre, draw the quadrant on the eaſt fide 
5 85 the lgure from below F at œ to go degrees near * 


From the ſame line of 50 h lay off "16%, zo? 485 
Gee. up 9 90. eee So 15 


— 


Then a ruler on P ax: each of thitfe figures on the 
+ will give the centres a, by es Kc. in the line 


7 of meaſures, 


* 1 


This method is founded on Art. Lx xIx, and is per- 


haps more practical than that by the ſector; but both 


- together are recommended by VAR of verification. : 


© Drawing ooh of this 45 geri prion generally e 5 


learners; the different methods are therefore the more. ”_ 
MY e in 7 theſe projeions. 


EET F-- NN 


8 
1 


\ 
* Te 


7 4 „ % | 
ng r 2 Eg - ah — — 11 - . — 
e = —.— - * »% — 2 — og 

. c : 


n 


. tA OE IE EI A EE EI ak 


. 


F " MW 
T 
- . 
* 
* 
* 


Tuan 


ns S ee d 
n —— — 4 
1 . 
« 


—— 


WP: 
Bt tt atria r= opera, gen EA BF? uf (79 19 
1 Os x ie — 


» 


13. vAUricklL ASTRONOMY. 


Note. If the lower hour circles were bontinded - 
round, they would form a ſphere (like Fig. 35) the . 
radius of which would be GP, and the North pole P. "| 
This 8885 be done where here is ſufficient room. 8 TS, 


6. 7 0 draw the Equator EA 2. 


Asche diſtance of the aca; 1 the zenith 9. 
I qual to the latitude of the place, the ſemi-tangent 512 

go! will extend from Z to A; the tang. of the comple- _ 
ment of the latitude g8* 30 laid off the other way from 


Z will give the centre of EAQ, or the ſecant of 385 
30 is the radius of this circle and F its 7 tl | 


I; 7 0 draw the Edliptic E 25 Q- 


| As the ecliptic makes an | angle of nearly 2 3⁰ + ith | 
' the equinottial, let this be ſubtrated from the rude,” 
and 28 degrees remain, the femi-tangent of which being 
laid from Z will extend to , and the tangent of its 1 
comp. 62 will extend from Z toward P in the line of 
meaſures, which ſhews the centre of the ecliptic, or the 5 
. fecant 62 degrees i is the radius of the N 


8 To 4 al the Polar Circles and 7 ropics. 


© Thefe operations are founded on Aiticle xc v, nd 
may be performed either by the chords on the primitive; . 
or ſemi- tangents on the line of meaſures; the latter is 5 


the molt practical, and is done by laying off from 2. (the 


centre) the greateſt and leaft diſtances of the required : 
circle, then the middle e chis interval is the centre. 


fought. | 


\ 


BY Thus, to draw he polar circle p 4% which extends. ” 
23% 4 1 8 the pole J BE 0. 


3 
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The pole P is 38 4 degrees (che complement of che 
a from Z; Eros thts ſubtraQ 23 4 degrees, and - 
the remainder is 15 degrees; add 232 degrees to 387 
degrees, and the ſum i is 52 degrees. oo 
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The ſemi-tangent 15 from 2 will evil to q: and | 
the ſemi-tangent 32 from Z will extend to p. Biſet  _ 4 
bhe line pq, which will give the centre of the polar circle, 
and p is the pole of the ecliptic; for Z Ss = 289 Z. 9 
= 525 and their ſum = = 90. 
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. "fn the ſame manner 1 8 tropic of Cancer e c, and — 
. Anke of Capricorn d d are deſcribed, . —̃ 


ad 2 
ee n 
re 


| Thus, the tropic of g is 23 - . from the 
- h : equator on the North ſide; this babe from 51+ 
- degrees, the latitude, leaves 28 degrees, the lea dil. 
85 tance, that i is from Z to Cancer. 3 


—_— — — — — NN r 
ſ m1 * 


an find the 8 diſtance, that is + Bonk 2 o 
„„ me e of Cancer the other way. From Z to P is 
38 2 degrees, and from p to the tropic is 66 4 þ degra 
their ſum = 10z*. Lay this off from the ſemi-tangents 
from Z on Z p continued, and mark the place it ex- 
tends to. BiſeQ the diſtance between this mark and 
s, Which will give the; centre of the tropic of Cope. 
Cc. 
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„ To by he tropic of G F 1 d. Its leaſt * 
| diſtance from Z is 28?, this added to 47? (the breadth- 

of the torrid zone) = = 75 ; VINE 2225 off from Z WA. 

extend to m. : xn 


p | 


1 he mt 1 3 2 5 othet: way is (105 + 
„ 47 =) 152 degrees; let this be laid off upon Z p con- 
5 „ech N place i it extends to marked. Biſect the bi 
ns 0 EL oi diſtance To 
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3 diſtance e this mark and , and it will give the 
; centre ol d 1 d, the tropic of Capricorn. 


— 


This operation is explained the more « at _ being genes! 


. _ rally 4 55 ai fricult to learners. wy 


9. 7 0 draw Circles f Celeſtial PR. 
| Theſe are. deſcribed through the pole p of the eclip- 


tic, from centres found in the line BAC, in the ſame 
manner that the hour circles are deſcribed through the 
pole p of the equator from centres ound? in G, a, b, c, 


. Fs (4). 


In; oe $a 
65 


The line BAC! is found by laving off os . 28? 
from Z to A, Or the ſecant 28 degrees from p to A; for 


pr, at the upper part = 28 degrees, that is; P x11 
(51 4 degrees) — pP (235 L degrees) = = 28 +46 dd | 


BCA being drawn perpendicular tc tO XII XII, open 


as" ſector to AP, and lay off both ways from A the 
tranſverſe of the tangents 3o* and 60), theſe will give 


the centres required ; thus A is the centre Y p. The 
tangent go? both ways will give the centres. of 8 pand 


Mp, and 60 both ways upon the upper tangents will 


| beni E = 2. 4 of courſe 50˙ from its pole p. 


give the centres Z p and & p. Where theſe circles of 
longitude cut the ane mark the ſigns accordingly, 
10. To de feribe Circles of Celeſtial Latitude. ; 1 | 
| Circles of celeſtial latitude, ſuch as * 9 *, are de- 
ſcribed round Ps the pole of the ecliptic, in the ſame © 


manner that circles of declination or parallels of latitude 


are deſcribed round p, the pole of the equator, 


Ae to draw a circle of 40 degrees of celeſtial lati- 
tude. The required circle muſt be 40 degrees from the 


Now 


— 


S TY 
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Now the pole p is 62® from 25 therefore 4 2 diſ- 
| tance of the parallel circle from Z muſt be 125, and the 
greater 1 129 the ſum and Ae of 50 and 4 


From 2 5 off ſemi-tangent 12 to g and 112 in 


1 2 P continued. Biſett the diſtance between this point 
and q, and it will give the centre of v *. the, re- 


8985 Parallel of celeſtial latitude. 5 


41, T 4 draw Almicantbars or Parallels o titude.. 


This is performed by Art. CX11H, for e 


belng concentric with the primitiye, they muſt be de- 


| ſcribed about the pole Z with the ſemi-tangents of their 
_ diſtances from it. Thus the leſſer circle a b is deſcribed 
about Z with the ſemi-tangent 80 e it Doug 10 
| degreer above the ns | 


PROJECTION ie. 33 


8 To projet the Sphere upon the Plane of the e that i a, 
1 | 10 Eg a parallel OY 5 


hace the eye is ſuppoſed to be i in one of the pales, 
15 thence viewing the northern benen 5 


1. The primitive circle repreſents the equator. : 


1 The Hour Circles are repreſented by diameters or 
right circles, making angles of 15 degrees with each 
other, which angles are meaſured on the P from 
che ſcale of chords. „„ | 1 


3 Parallels of 7 erreftrial Lane or | circles of aac i- 


nation, are deſcribed i in the ſame manner as parallels of 
| Nane that 1 is, they are concentric with the primitive 
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or equator, and are deſcribed round the pole P vim 
be ſemi-tangents of their ſeveral diſtances from it, or 
with the ſemi cotangents of their degrees of declina- 


tion, of latitude or of altitude. Thus p q, the arctic 
5 circle, and as, the tropic of Cancer, are deſcribed * 
with 23 4 and 664 reſpectively, and the other paral- 3 


> * 


. 


lel circles. are all drawn at 10 ee aſunder. £1 


4 2 0 drow the Paliptc. 


This muſt be drawn to make: an angle of 239 T with 8 


ol 


the- equator, or primitive; therefore the tang. of 23% >. 
laid off from P toward a will give O, the centre of the 
ecliptic v = , and the pole of the 8 is 5 in 5 5 
188 circle. 5 


5 To draw Circles of 2 dne, 


Theſe are deſcribed through the pole p of the ecliptic . 


in the ſame manner as the hour circles were drawn 
ee ps the pole of the equator (Art. 4, Projec. 2). 


Thus the tangent 66 + laid off from Pon P con- 
tinued, will give the comers of H p R, and the centres 
of the other circles 8 p,; U p, m p and A p, are found 


in a line drawn through this point perpendicular to Pxii 
at the tang. 30? 1 5 vo” both Fore from the centre of 


HPR. . 
1 : 6 i 7 i 
; + SN oP 


Thus the ſigns. v9 u, Qs and LY are e marked on bt 


eclipuc. 


6. To draw circles of Celefial abe, 


Theſe are drawn round p, and parallel t to the ecliptic, 
in the ſame manner as the circles. of declination were 
drawn in Projection 2d. that is, by ſetting off the 

C ß  aettcelt, 


ö 


— 


5 


colure, and vi P v1 the ſix in hour circle or equi- 


angle with the meridian Z O, is drawn from a centre 
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| greateſt 4 leaſt diſtances of the propoſed circle from | 
P, and bilecting the an which will oye: on cen- 
tre A. 9 5 | 


Wh; 


Wort Iu EDT xe" PPP "OK 


A n 2 KR ene 5 n 
ae erer e 


7 To drow the Culures. FCC 


The Meridian x11 PxII here repreſenta the folftitiat- 
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nottial colure. Eo „%% 
8. Te 9 deſcribe the Horizon « Landes) 51 10 30 . 


The horizon of any place being inclined to the equa- 


tor in an angle equal to the co-latitude, the tang. 389 . K 
30 laid of from P toward 9 will extend to Z the cen- = 
tre of H OR, the horizon required. 8 | 

74 To deſeribe Azimuth Circles for the art Horizon. = 


Here the prime yertical makes an angle with the 5 
equator equal to 31 go' the latitude; the tang. of this 
laid off from p will extend to y Ne centre of H ZR, che 
prime vertical. Eg op rp og „„ 


e n — 
e «FEA AB IE Same * 


rere OS We 
FFP ˙ 2 TE Rs £m 
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n 

N K. 
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Any other azimuth eiche as ZA, making a given 


» ——— — — 
. r 
n 


found in a line drawn through y (the centre of HZR) 
at right angles with the meridian X11.X11, Theſe cen- _ 
tres are found in the ſame manner as thoſe of the hour 
circles in the laſt ProjeQtion. Thus, with the ſektor 
opened to Py the radius of the prime vertical, lay off 
from y the tranſverſe tangent of the requires 1 In 
the preſent inſtance the azimuth circle Z A makes an 
angle of 40% with the meridian, and x is the centre. 
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of che 1 1 in the zodiac. 


NAUTICAL ASTRONOMY. 


| PROJECTFON 4—Fie. 38. . 
7 0 project the Sphere upon the Plane of the, E diptic . 


Ys the eye is Tuppoſed 1 in P, one of the poles . 
the ecliptic, thence TIO the narben hemiſphere. 


oa 1 0 de ſeribe the Edliptice 
The ecliptic 1 in this projection is "repreſented by 4 | . 


5 l ale the centre of which i is p its Fe. 


2 70 Gs 3 of Celeſtial Longitade, and fd te 


4 wo Places of the Signs of the Zodiac. 


Circles of celeſtial longitude a are here repreſent 0 by 


| diameters or right circles. 


Thoſe ro 30 degrees aſunder mark the diviſions 


$ . 


— 


2 To dcribe circles of Celeftial Latitude. | 


- Theſe are concentric to the ecliptic, and are there- 
fore deſcribed about p. Such is the leſſer circle, the 


diameter of which is a b. e a n of 10 | 


of celeſtial latitude, 


* 


4. 'To draw the utter; 5 . | 


The equator muſt be drawn to make an agel of 2994 PE : a 


vith the primitive, and therefore the tangent of 295. 


laid off from p toward 2s will find q the centre of the 


- equator H x11 R, and the half tangent of 23% laid off 
he TY ſame MAYO will give. P the PO of the. equator. + 


5⸗ To draw the Colures. Dn 5 5 7 


Here the line s P 2 repreſents the folflitial colure. ; 
| The -| 


| NAUTION 4 ASTRONOMY. CY us 


The equinoctial colure HPR makes an angle with 
the primitive or ecliptic of 66 4 degrees, and therefore 
its tangent laid off from p on p yp continued wil find 
| the centre of the eee colure. | 


S 


6. To dferibe the Hour Circles... 3 


The hour circles are here deſeribed' in the tha man- 


ner as in Projection the 2d. Thus, the equinoctial , 
colure is the ſix o'clock hour circle, through the centre 5 
of which draw a line at right angles with P # conti- 


: a . 6 8 ; . 75 RE 2 
* 1 Ss. 1 s 


Mae” 
on, * 


With the foros opened to the radius of the ira 


HDR lay off the tranſverſes 48 „ 309, 45 &c. both 5 | 
ways, which will give the centres of the hour circles 


reſpeRively, and "ON 1 cut the HP in the hour 
1 | 


e Gn: TY drow Circles T; Dau or of 2 oreri Lan. 
lude. 8 | 


Foy ; : 4 - $5 


The Arie Circle p 9 is deſcribed by lays off the 


i half tangent 47 degrees from p to q: and wen the 


interval which gives the centre. 


— 


The T ropic of Cancer 12.12 is deſeribed by 1 off 
the ſemi-tangents of its greateſt and leaſt diſtance from 
p, and biſeRing the interval. Thus the ſemi-tang. go? 
the greateſt distance will extend from p to , and Ne: 


ſemi-tangent 43? (66 F — 2g 2) its leaſt diſtance, All = 


extend from P downward to 13 1 > 


"s; 2⁰ draw the Horizon for the latitude of London. 


te hw place required is 38 4 degrees from the 


pole P, ner courſe 5 e from oy. FO p- the 
| | ſemi⸗ 
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| NAUTICAL ASTRONOMY, 


x ſemi⸗ .tangent of which wall extend | to 25 the latitude of 
- London. 


Wh ĩ⅛ðà³ͤ tdi heath, LO Ns das. hr, as er TI 
2 5 ” "WT LESS TEST. 7 TEE T rn 9 


by off the tangent 15 3 "Rt p ee * 
| which will give the centre of * 9 R the horizon, De 


9. fo draw Azimuth 12 "Ry 


bg % . The prime vertical HZ R. is deſcribed from a centre 
pdound in p & continued, by laying off the en 7 5*˙ 
5 from p (the complement i „„ 


Any other azimuth circles are a through A 
making given angles with the meridian ZO, by finding 
their centres in a line drawn perpendicular to Z & and 
through the centre of HZ R. In the ſame manner ches 
bout arces are deſcribed i in Proje gion the 2d. 2 


10. To a aride Almicanthars for lat. 510 30. 


A parallel of altitude here is a leſſer circle Patallet to 
1 the . 8 55 HOT; or what Is the dane thing, round 


a — * 


0 


e to draw an ache cite x7 30 een 
ats from the horizon, or 60 degrees from the pole 
2. Lay off its greateſt and leaſt diſtance from p, that 
is, 45 and 73, and find the centre of this interval, 
which 3 is the centre o the almicanthar cdc. 1 
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 AsTRONOMIGAL Pepi. e 


. | PROBLEMS i in aſtronomy are moſt ally colin 
by firſt confidering the ſubjett upon a globe, and thence 
forming a rough ſolution. This will direct and illuſtrate | 
the projeftion, and the projection will ſerve as a guide 
and a check to the calculation. N 1 


* 


\ : 


* 


by the confuſed idea which the learner has of his fitua- 
tion with, reſpect to the univerſe; it is therefore here 


the concave expanſe, where he ſeems to be placed in Ne 
2 Convex Surface of 4 celeſtial globe. 


15 aſſimilating the projeftion to the poſition of the 
| globe when the pole is elevated, it is generally moſt. 
convenient to make the great circle which coincides 
with the brazen meridian the primitive circle; but 
ſometimes the projeftion may be made upon the plane 
of any great circle. That, however, ſhould be always 


operation : and befide the application of what is laid 
down in the foregoing Section, the following rule 
ſhould be obſerved: Chuſe ſuch a plane of projection, that 
a given fide may be 1 20 the FIVE ora A8 angle at the 
centre. . 


oe, 


In the filing proje ions 1 circles only are 
dotted, and thoſe parts of the great circles which com- 
poſe the given triangle are for the lake of distinction 


Operations of this kind are often rendered. obſcure. 


repeated that, be ſhould conſider himſelf as at the outfide of 


choſen which is performed with greateſt ſimplicity of 


15 drawn ſtronger than the %%% 86 
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ads - NAUTICAL ASTRONOMY. 
| Given the ſun's ings ant the obliqui of the = 
enact; | 1 


- Required. the ſun” $ right aſcenſion, and declination. Tx 


e | On the it of Mi, 1795, "oe fant s longillide 5 
was 1 ſign 11 i 44%, and the peas of ihe ecliptic 239. 
[ue 5 I 7 1 the cats 


4-5 Find this ſun's 1 or . in hs ecliptic, 
| and bring it to the brazen meridian. Then the arc of 
4 ; the equator between the firſt point of Aries and the 
| brazen meridian ſhews the ſun's right aſcenſion, and the 
arc of the. brazen meridian between the equator and 

| ecliptic, ſhews the declination. | OA | 


To 7 SO” . By Projection. : 


| | This triangle will be moſt ſimple when dented 
24 upon the plane of the ſolſtitial colure, as the given angle 
1 5 obliquity of the ecliptic) will be then at the centre 
* the primitive, We is the firſt point of Aries. 


Draw the primitive PES, vnd the 8 E 


55 ber the is waned and P 8 for the equinottial colure, 0 


Lay off ES — 235 27 62% the obliquity of the eclip- 1: 
wo and 1 the- . = * for the in CO „ 

. 80 the Nautical 8 For May 1, 1795. - The learner ſhould 15 
25 an exerciſe take cut the ſun's longitude and declination for any other 
4 to find the reſt, ſo as to make bis calculations agree with _ of the 


Nate Almanac. . DE, | | 
| e Bs „ From 


214 
E 

; 
4 


from to O in the ecliptic, which i is the ſun's place. 5 . 


t we points PO 8 a a circle of right af. 


| ' NAUTICAL ASTRONOMY. 
From the ſcale 8 G T lay off the ſun's long. 41144 


TY 


| cenſion (xcv) then WA B O be the W 5 


__ Here the angle at * At the fide v 0 are siven, and 
; the reſt may be meaſured by the ach and EE of the e, 


1 reographie Problems. 5 


6 the right-angled triangle 1 B 
Given the ſun's long. VO = on 15 44 R 
\ Greateſt declin. <OvB 


3. By Calculation. 


74 23 27 Bit»: 


Required the e i * 'B and e deen. 


nation B ©. 


As rad. 


\ 


7 0 Tod the ban, Fs XL I 1 


3 85 ſun's long. 


5 To 85 preſent declin. 


55 co. A 


. pre 1 44˙ 958171947 


. So is s, ſun's N 23 27 51 96000745 8 f 


- To find the Right laute (c on 


| A cot. fan's longirude 


To rad. 


So 1 is cos. obl. eclp· 


T o tan. right We 


"at 27 51 
38 35 51. 


10 


15 9 7 e 


. 144“ 9 9396053 co. ar. 


855 51 3, 


95902121 5 


Here 380835 TY tured into time 1 "PE 34” 2 3˙ 3 


5 the "os eſcenfion on in time. 


5 The SHowhy 1 rule for converting degrees into time, and the con- 


75 2 a 


PRO- 


trary, is more practical and conciſe than that given in Page 108, though 


You: are founded dn the ſame e 


1. 95 . 
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144 © NAUTICAL ASTRONOMY. 5 


13 itt "PROBLEM n. Pie. 39. 


Gives 1 obliquity of the ecliptic and the fur 8 pre: 
| fem declination. _ | 8 i 


Required the ſun' 3 longitude and I right aſcenſion. . 


3 Exam. be 5 iguity of the ecliptic being 29 27 51 | 
and the ſun's preſent declination 1 8 5 4 ”_ what 3 75 9 . . | 


dia and Fight NO: = 


5 


1. Fo convert Degrees into THE- 


Rule. Divide the ren: hours Ay. ys al mail 

| as minutes. | | 

Divide 1 5 minutes OE) then FM 99 1 in a 9 manner th 1 5 

and multiply the remainders oy 4» e each . under i its reſpec- 
| tive  divigend, | : 


the remainder by 4 


2. To corver Time into Degrees. _ 


\ Rifle Wee th hears by 15,0 which add ons Sen of Oe mints : 
„. — De ION 8 


8 1 i Exanyin, 
Reduce 380 35 gu into time, and the contrary. 


15)38 35 51 | 5 . | | 
1 "IC 32 6 - = 380+ 15 The reaſon of theſe obe - 
„ . 1 [ rations is that 159 = 1 
w 3 $1 35 3: hows ans therefore TY 
i ä | ns , 
* "2b. 34 e. = 
IS . 
1 „* 17 x bs —— 605 Thus r 
11 | o\ fame as dividing by 4 and | 
ne, 2 removing each a e 
„„ 


* « 


N By che Globe. e 


| Mark the ſun's . declination on the blazed me- 


; N and turn the globe till the ecliptic comes under 
the figure: Then vill the diſtance from the meridian 
to the firſt point of Aries ſhew the ſun's. e on 
dhe er d its e aſcenſion on 580 equator. 


. 


BV ec 


The folfitial 2 being deſcribed 7 che e equator | 


and ecliptic, and equinoQial colure, as in the laſt Pro- 


blem, make En and Qn equal to'the given declination, 


and round P deſcribe the parallel of declination nn 


3 Where this interſe&s the ecliptic in © is the 


ſun's place. Through PoS deſeribe a circle of right 


aſcenſion POS (xcv) then is „ OB the triangle re- 
quired, the unknown parts of winch may be ONES. : 


as e | 
N En _ By Calculation, 5 


10 the right-angled ſpheric triangle ** © B, 


. 


| Given the obliquity of the ecliptic Ba * G = ng? 17 


82 and the declination B 0'= 15? 9 7% 


? 


— Required the ſun' 8 longitude, and W aſcenſion. - 


7 0 fad the fur? 1 longitude (ex. 9. 


1 s, obl. ecl. . 235 27 510 0,3999286 a 
"To &, declin.” —- *- 15 9 5 e | 
80 i is radius = „ 


*— * e 


| To „ * © ſun's ' long. 4 . . 98771964 
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1 s | NAUTICAL ASTRONOMY. 
PE | Pond the jus right oſcenfon cu : 


As 1 OR on as Og 
| To tan. . „ 1 4 7" 974326389 
: Soi is cot. obl. del. 23 27 1 8 55 10,624413 


'To bne "right aſcen. | E 38 35 62. + 9.798079 
| 5 PROBLEM g. Fic. 39. 


. the r of 0 we ecliptic a and the lun. 8 e 
; aſcenſion. | LE 


NG the an $ declination and jongitade. 


1 Exam. When tbe ſun's greateſt declination is 235 27 TUE - 
4 and bis right aſcenſion 38* 3 3 51% what is his ne de- 
2 clination and po LOS x 


| 45 By the Globe. 


5 e the fan's right aſcenſion i in the equator to the 
' - * brazen meridian, then will the intercepted arc of the 
.* > ecliptic to Aries ſhew the ſun's longitude, and that are 
ok the meridian which is between the ſun's right aſcen- 
. fron and e will ſhew the 1 declination. : 


By Projection. 


1 The folfticial 8 equinoctial colures voy deſcribes 
' | as before with the equator and ecliptic, make TB = 
the given right aſcenſion, and deſcribe the circle PBS : 

; Dus: which will cut the ecliptic in © the ſun's place: 


FE 3. By Calculation. 


| St | . 15 ah right-angled Rao triangle 0 eo B the angle 
x v is given = 29? 27 51”, and the leg 1 B = 38" 35" 
. e N 


= To cot. * 8 | 1 1 44" 5 10.003948 5 


| NAUTICAL ASTRONOMY. * _ 5 


5 0 . 25 bud the declination Yo Cerec). 
os cot. < * . 23⸗ 27 61“ 


+ 


i Ty tang: ** Pe 9,4863657 


To find the fa 1e dene | 4 15 


As tan. B * 989 35 56 FO 0,0978784 « co. ar, 
To radius 90 . 


So is cos. < P 23 27 67 cn 9862536 


a 


9 Three other Probleidih may be formed from hs - 


above four things concerned. Thus there may be oy 5 


' the ſun's longitude and right aſcenſion, the ſun's longitude 
and declination, and the obliguity of the ecliptic and declina- 
tion, to find the reſt. Theſe are e for the exerciſe of 


a VVV ; 


8. It may be . that . triangles of. the 
ſame dimenſions as the laſt will be formed by the eclip- 


ue equator, and declination, at four different periods, x 


of the year; namely, about the 7th of February, the 
1ſt of ys. the 14th of ven ane the 15 of Novem- 


ber. . | . 5 


6. As both the e ha right dende are : 


reckoned throughout the year from the firſt point ol 
Aries; while the ſun is aſcending from Aries to Cancer 
in his firſt quadrant of the ecliptic, the given longitude 


++ © is the hypothenuſe in the triangle v B; B is 


the right aſcenſion, and B © the SOTO North. 


. JL. lr ¹ 8 When 
5 : . Bi 
* 8 
. 8 
2 f . 
of 
No 
: | 
: 2 5 
3 ; 55 


1 | 966876587 e co. ar. . 
© To mdius. - e 10 5 
So is fine Bey 38. 3s oY 1 9.795% 5 


— 
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. NN AUTICAL ASTRONOMY. 
| When: che ſun has paſſed the ſolſtice. , „ 
| deſcending toward Libra in his ſecond” quadrant, his 
| longitude or diſtance from Aries being taken from 
180%z the remainder = © becomes the hypothenuſe * 
but the arc B = found for the right aſcenſion is only 
the ſupplement, and muſt therefore be taken from 180. 
; [The declination i is ſtill N orth. | Y 


a ©N 


; 8. When the = has paſſed the point Libra, and 1 is 
| {deſcending toward Capricorn, he is ſaid to be in his 
ird quadrant, the longitude then reckoned from Aries 

will be greater than 180% the exceſs therefore above 

180%, or the diſtance the ſun is removed from Libra, 

will be the hypothenuſe , and the arc & A found for 

che right aſcenſion muſt be added to 180? to give the 
TE right aſcenſion as reckoned from Aries. The declina- 
1 tion is now South. „ 


e The: ſun 9 Las he folltice- LY OY hs or 
/ fing now aſcending. toward Aries in his fourth qua- 
drant, the longitude is greater than 270 degrees, and 
muſt be therefore taken from 360 degrees to give the 
hypothenuſe & : here & A found by the proportion TO 
muſt be taken from 360 degrees, which will. give the „ 
lebt aſcenſion, The d en is RU South. ” 


OY illuBrating the ie following Problems by the Glad, ir en 
7 necefary firſt 0: reetify its bus: ) ᷑ .! > oy Woes 555 


10 reclify the globe for the Latitude, Zeaith and 
e. BY 


Fur. the r. Riſe or WI the oe ent} "my 
| given latitude: on the brazen meridian coincide with the- 
| wunden oo wes gn TS 


. * F 0 * 


ria HHN 


Wo the ZENITH. ert the bevel edge of the nut: belong-... 
| ing to. the quadrant of altitude to the vertical point of the 


brazen meridian, which is the complement 10 the ae Os 


Rum the elevated Pele. 10 


8 5 Fur Noon. Bring the ſun's Longitude or V at in the f 
5 ecliptic to the brazen N and of lt, the 1 5 9 8 the hour + 


"es 40 12 clock. 
Then is the globe reflfied. 


PROBLEM: 5 Fro. 40. 


_ ive the latitude of the. place, and, he ſan? 8. bene 8 


0 dee a. 


| Required the ſun' $ airude, azimuth at fix 0 clock, 


Exam. At Ti on the 27 of June, 1795, Joby the N | 


ag day, the ſun's declination is 23% 27 51, and the 


 batitude 31 ga] North. Reguired the ſun's altitude end 4 


azimuth at ſix * 0 clock in the e or . 


By the Globe, 


1 Te globe being refified, turn it ill the jets n | 
8 ) fix o'clock ; move the quadrant of altitude till its 


edge cuts the firſt point of Cancer in the ecliptic (the 
ſun's place); then the degrees cut between the horizon 
and ſun's place will ſhew its. altitude, and the degrees 


cut by the quadrant on the horizon vill ſhew the. a- 


muth, e from the North. ro of 


By rrojegion. 


8 the primitive upon the Shoes of the me- N 


35 N oy HR repreſent the HONG and ZN the prime 
os Od Et.” e vertical; 


\ 


+. 8 


— 9 
3 


e er? 
» 4 rr N A eee 


3 
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150 4 | NAUTICAL ASTRONOMY: 

: vertical; ks RP = = "519 32 the late N3 . 
BS, the ſix o'clock hour circle, and at right en * 
it draw the equator E Q: deſcribe the leſſer circle, 
at 23* 27' 51” from the equator (ex1v) as the let . 
of declination, and it will cut the fix o'clock hour circle 
7 S1 in ©, Which! is the ſun's place at the given time. 


; Through 5 0, N, deſcribe the axingcd cette 2 N 

if xcv) cutting the horizon in A; then the things given 

5 required fall in either of the triangles 2 P or 1 

oO A, which are ſupplemental triangles one to Ms 

Taker: Thus RP = the latitude ; ZP = the co-lati- 

tude ; AS = the altitude ; SL = = the co. altitude; „ 
= the declination; #P = the co declination; -the & 

8 Z P meaſured by the arc AR = the azimuth, and the 

arc VP AZ = the co-azimuth, = % 


| 3. Let this Projection be dent with th correſponding 5 
Pf. tion of the globe, as in the laſt article, NA R M the pri- 
milive will repreſent the brazen meridian ; HR the wooden 
orion R P the elevation of the pole; Z the vertical point 

or zenith; I A the quadrant of ee an am will re. 
preſent a parallel of declination 23® 27' 51" from ihe equa- © 
tor, which cuts the fix 0 'clock hour oh 8 92 and the 9 — 
rant wy in ©. | WE. : 


7 


5355355 N Calculation. _ 5 „ 
5 In the © rightangted ſpheric rriangle Z © P P (right 
ee at ) 


the co- ER To 38 32%;eñ 
Given adi. co: declin © FP = 66 32 9⁴. 


the 1 2 ©, a 
| Required lers azimuth 967 © 2 Por arc A R. 


1 


We 


Wy 


0 To five. altityde | 


—— 


7 . I : - 4 
4 a Ri * 
8 * 4 1 4 : : 
\ 


| NAUTICAL ASTRONOMY, Uh" 


ke in a ee ene whe * © A (right 


the. lat. or angle © . A = 19, 32 . 
, == declin. v ol 90. 9 * 
the A 8, 
Require {te £0- Azimuth Y A. . 
| . 5 To fad the altitude © A (ext. 
5 As a 4 g6® - een. 7 
To fine declin. = 23? BY Ti 1/1292 6000745 
© $9is ſine latitude = bx. 1 978937452 18 


16 9 586 5 9,4935497 


; ih. 


7 fad the axima;h age © Z P, « or arc AR (erxix). 


As tan. o B co-decl; = 669 32 9 o' „genes co. ar. 
JJ fo ooo 10 | 
So is fine 2 cc. lat. 38 28 4 917988317 | 


| f ro cot & 7 p aim. — = 74 53 22 | 94313904 | 


5. If the 8 queſtion were changed Fw” the 


| longeſt day at London to the ſhorteſt, the parallel of 


South declination c d would. cut the 6 o'clock hour 
circle below the horizon : now as, the triangles A 


and M a# are congruous, the depreſſ on a below. the | 


horizon on the ſhorteſt day at 6 o'clock will be equal to 


the altitude A & at the ſame hour on the longeſt day; + 
Ks the . will DE alſo 1 if See TO ie + | 


6. Thus on the 2180 of Pak at Landon, 3 at 6 0 clock 
in che morning, the ſun * bear 74 63 22 Eaſt from 


fo 


} 


1 # 2 I 
7 + 


e ee eee e ee ee ona 
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FE. 


„ 


the Worb point, and at the ſame hour in the evening it 5 


vill haye the ſame azimuth Weſt, from the North point; 
but on the 21ſt of December at the ſame hours the ſun 
will bear Fo 53 22” Eaſt and Weſt from the South 


g 8 ee „ 3 


tion increaſes, the altitude at 6 increaſes, and the azi- 
muth leſſens; but. the Sounder r when. the de- 
elination is diminiſhing, L | 


7. By tain Problem it is „ one 2s * "EF 


It 46 alſo e era. PR 8 80 ſun 3 no 5 

tion the altitude at 6 o'clock will be nothing, for the 
ſiun will be then in the horizon at Aries or Libra, and 
de azimuth (+ R) being then go degrees, the fun will 
be due Eaſt in the morning, and due Weſt in the even- 
ing. Thus on the days of the equinoxes the ſun rifes 
; and ſets at . in the Eaſt ang . yOu 4 the 1 8 


rizen- 


— 


PR 6 BL E 1 5. Pia 44. 5 


| l the latitude 5f the place, and the fun? 8 declina- 
tion. 


1 


Required the Stade; and the hour when the fun 5s 
due Eaft or Weſt. 1 5 | 


* 


; Exam. 4 London In ene. 21, 11795, what 10 the fo * 
. altitude, and ihe bour when he is due Eaſt « or We fp + pc: 


By the Globe. . I 


1. The ol being reQified, make the quadrant of. 
altitude coincide with the Eaſt or Weſt points on the ; 
wooden horizon, Turn the globe till the ſun's place in 


© © 


. 


1 NAUTICAL ASTRONOMY: 133 


"the ue touches the quadrant, then the index vill 


point to the hour, and the arc of the quadrant which is | | 
between the ſun's Me and the eee will ſhe his 


altitude, ; 
7 By Projettion. . 

2. Let the ies circle HZRN be made to re- 
preſent the meridian of London; draw the horizon HR 
and the prime vertical ZN; make RP = 51 ga the 


latitude ; draw the 6 o'clock hour circle PS and the 


_ Equator E Q; let the parallel of declination nm be 


drawn. = 239 '27 52" from EQ (cx1v) which will cut 
the prime vertical in ©)» and through 15 ©, 5 deſeribe 
he hour circle P 5 S q 0. 

Here the e repreſents the Arias —_ on 1 
ke, ; HR the wooden Heats and Z 1 be e 2 
\ altitude. 


* 


Obſerve Aid the Adis N in 0 P 


fall in either of the triangles P Z u or v AS: TS = 


the altitude and & Z P 1 = the horny 12 5 or hour 
n noon. 55 


By Calculation, | 


5. tis the hole triangle P: Z , rightangled: at 25 * 


7: the co-lat. PZ = 38" 28/. 
Le co-declin. Poa * 669 55 95 


— 


the i 2 . - 
| Require = hour from noon < 2 P 9. 


Fi * 


* 


* 


0 7 ye 


— 


27 1 the e 2 © 1 


"fp COS. co collat. » 7 „ cobzgtd © co. te 5 
JJ 10 N 


So is cos. co. dec. Py $6 32 9... 966000745 _ 


Toc cos. eo al. Zo 50 25 59 9783293 


Hence 30⁰ 341“ is the ſun's alitude when due Eaſt. 
9 or Welt the 21ſt of June, 1795: N 


Ts 2 the Hour from vun, 4 2 pe bers 9. 


As rading | : Pe = co. ar. | 
To tan. co-lat. PZ CO I 280 9: 9000865 i 
So is cot, co- decl. Po 66 32 90 9.575587 


70 cos. hour from noon 4¹ vo 69 49 36 9,5375462 


1 Which 695 49 36“ converted into time gives 4h. 
3918“ 24", and ſhews the time before and after noon, 
when the ſun will be due TR oF Weſt ar the 21ſt of | 


, 1795. 


De above Problem may be © en Se the meas 
& AS, right-angled at A; for here are given the latitude 
LAY and the decl. A , whence the altitude Y &: is 
found by Art, x L1I, ang the "ou 708 6 clock A; * * 


Ari. rx III. | 


. If it hs required to. work this Problem 11 the 5 
ſhorteſt day, draw the other circle of declination cd; ; 
then the triangle 4 a © being congruous to w A ©, by 
the ſame operation the ſun's depreſſion when due Eaſt or 
Weſt is found, as well as the hour, which will be be- 
fore 6 in the morning and after 6 in the e . as 
5 much as the contrary was found above. 


& OY 


| NAUTIC: L ASTRONOMY: "agg 


3 this Problem it is eaſy to ſee, that wha the 
| Jatiude of the place and the ſun's declination. have both 
| the fame names, then the greater the declination. and 
latitude, the greater the ſun's altitude when due Eaſt op 1 
Weſt, and the longer the time from 6 o'clock: and 
when they haye contrary names the ſame things take 


place, but with this difference, that when the latitude ' 


and declination haye the ſame names their inereaſe 
lengthens the days, whereas when they haye e 
N i. inereaſe ſhortens the Phy 5 

+ T5 "PROBLEM 6 Fig. 42. 


5 
£, 


Hows the latitude o of che place, 885 ths. 6 lun 5 declina- 
tion. a 


| . _ Required his amplitude, and aſcenfional difference. | _ 


| By this intereſting Problem the length of the day and 
night is determined, for the aſcenſonal di ifference converted 
into time ſnews how long . or afar 60 clock Op Ju riſes 

or r ſets. ” 


Exam. At 2 en on the 277 iy of June, 179. Pk | 


far from the Ea and Weſt tar the 885 fot and 1 85 3 ang at 
& 7 robat time? | i 


By the PP, 15 85 1 . 


1 The Saks briag reQtified, bring the ſun's place i in 


wle ecliptic | to the horizon ; then the amplitude is that 


degree of the horizon oppoſite the ſun's place, reckon- 


ing from the Eaſt point in the e and fron * 
Wen! in the evening. ES Poe IS 


* 


The aſcenſional e is chat arc of the. an 
© below the horizon intercepted: between it and the ſol- _ 


mitial e Or, 


E - * - * 
— ' - 
i x — 5 we * ky . - 
oy 
; | F h 
* Wn $ ” 
7 % 1 7 * a 1 oo — 
5 0 a - * 1 
* 7 
. b : - % 3 a 
— : 2 7 mw. 3 
: * * . S : ww 8 5 
8 = 5 P * LY 1 
2 * * 
4 5 x 
# 


3 
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- The fun's right aſcenſion on that day 8 a qua. 
91 e and its oblique, aſcenſion the degree of the qua- - 
tor cut by the horizon: the aſcenſional difference is ts: | 
| difference between the right and oblique aſcenſion. | 1581 
By. Oaks turning he tobe hs index vill point bn tho 8 
ume of the fun's en and e 8 : | 


8 85 a 1 By ProjeRtion,. 


2. Let the primitive circle repreſent the meridian 25 = 
the place, the diameter HR the horizon, and Z N the 
2 - From R the North of the horizon, make RP 
= 51 ge for the latitude. Draw the axis or 6 o'clock 
hour elle P'S, and EQ the e at right angles ta 
it; make En and Am = 23? 27 51” the declination, 5 

and deſcribe nm (exiv) cutting the horizon in © the 
place of the ſun at its rifing and ſetting, 6 8 8 199 8 : 
585 deſcribe the hour cielo P S (cv). 


5 Now it is dent . on the = of lane the ap- | 
parent, circle which the ſun makes round the earth, is a 
parallel circle, repreſented by nm in the Projeftion; ;; 
at n the ſun 1s in the e and deſeribes the Apa | 
ara nx in ſix hours. i ol 


> 
A 


EYE The queſtion bre (6 Siding the "EN file 
ind ſetting) is to meaſure the arc xi of the leſſer 
circle, and convert it into time, which will ſhew how 
long the ſun is deſcribing the ſpace Xx , and this being 
Added or ſubtracted from 6 will ds the time — ſunriſe: ; 


ES a+ 


or lun. ſet. . | 5 . 
8. But this are x WW of the mall cirele nm contains 
the ſame number- of - degrees as its ee ard | 


vj 2648+ 


' _ » NAUTICAL ASTRONOMY. , 1 
3 A of the great circle»or equator E 2, and therefore - 
| the things concerned in the Problem fall. in the triangle; 
vo As right · angled at A; Y A is the aſcenſional dif- 
ference, and Y © the amplitude; theſe are the tWo re- 
| _ quired arcs, and they aye be. meaſured; on the ſcale, of 


1 e h ede „ | 
By Calculation... EE 


In the ſpheric triangle « * 0 A, right-ngled at cs 


Given n n {the ſun's tick A * 23 2761 wo 5 
EAN 0 = 38⸗ 3 „ 
85 LA O S are 0 = are 2 the cot T7 


| 5 the 9 & „ ©, and 11 REIN. 
ö : 5 aſcenſional difference * A. es 


6. To fond the amplitude NT © (exns). | 


As Ge co-lat. / Aw o = 38˙ . To 9 45 
To fine ſun' 8 decl. A on 23 27 1 = 950000743 : 
SO is radius „ 5 90 e N 


9285 r ſine amplit, * ©. 39 48 3 bee | . | 


51 7 ofud ihe dale, 4 erence * © bern 9 75 - 
As radius F 98 Eg 
To tan. decl. Ao „ 510 9.6% 

So is cot. co- lat. CA 4 O 280 28 1 5 5 


3 


To fine aſcen, diff, v A. 33 | 7 : 2 977374722 


Here the aſcenſional diff. * A 330 + | 2" turned into 
tine gives 2h. 12m. 28s. 8”, the time which the ſun- 
riſes before and ſets after 6 at London on the 21ſt of 


d 17957 which is the 1 ms C7 Ex 
5 75 


{ougionewien in lun ee deſeribes hi bastel 

of declination-nm in 12 hours, being at n When it is 

noon and at m when it is midnight, therefore the time 

of paſſing from © to m is half the night, that is, from 
ſun ; ſet to midnight; and round from m to © is the time 

from midnight to ſun- riſe; hence m © doubled is the 
length of the night, and n © doubled the Ow of the 
fo at the above given time. 8 


3 Then to and from 4 EY 1 jy b. FR 1 
7 Add and ſubtraQ the aſcen. diff. 2 12 28 8 


| Sum gives no half day 185 . 1 12 28 5 


Difference gives © m half night | _ 20 31 52 + 


5 |  Longet day at London, 1795» | 16 24 56 16 


e 


5 Shorteſt t day, ditto | ns * 95 2 44 


. 9. If i in the Din ea rs ; he ſuppoſed a pa- A 
rallel of declination as far South as nm is North, 
then the hour circle PBS paſling through ©, the place 
of the ſun at his riſing or ſetting will form a triangle 
B congruous to the triangle Y © A, where the 

amplitude * © is Southward of the Eaſt and Weſt 
Points, and the aſcenſional difference B converted 
into time ſhews how long after ſix in the morning and 
before fix in the afternoon the ſun riſes or ſets on the 
* 21ſt of December, the ſhortelt day. 5 | 


10. It ei lobe appears that when the Ballade and 
declination are both North or both South, the ſun riſes 
before and ſets after ſix, but when they are of different 
names Te: ſun riſes after and ſets DEN mm - 


4 o 
* 


- aurieat; AST bo. 460 


1 111 is alſo evident, that when the aliens and: de-. 


> e have the ſame name, the difference between 


— 


circle, and according as the declination decreaſes this 


the right aſcenſion and the aſcenſional difference is the 


oblique aſcenſion, and their ſum is the oblique deſcen- | 
fion. But when they are of contrary names, their ſur 
is the oblique W e . when if JOEY is wo N 


naue Seſcenfiva, 


- 


12. Fre rom a due e of this Piobtens it is. 


clear that when the declination is equal to the co-latitude 
of any place (Which can only happen within the polar 


circles) then the parallel of declination will not cut the 
horizon, and conſequently the fun will not fet in thoſe 
places during the time his declination, exceeds or is 


equal to the co-latitude. This effe& takes place alſo 


with regard to the ſtars, but it is to be underſtood . 


only, when the ſun or ſtars are in the ſame hemiſphere 


with the given place; for when they are in the contrary. | 


hemiſpheres, if the co-latitude of the place does not ex- 


ceed the declination of the celeſtial objefts under con- = | 


fideration, then will theſe obje&s remain- Wh below 


_ the e and conſequently be inviſible. Ta 


"Thats 3 in the latitude of 1 all the 1 in the 85 
northern hemiſphere, whoſe declinations are above 388? 


28' (the co. latitude) never are ſeen to ſet, but the ſtars 


of the ſame declination in the fouthern hemiſphere are 
never viltble at London. _ 


x 5 . 
* * ; 5; —"* 


i 


* 


"Thus 918 when the ſun's Se is 8 Nor; 
it always appears above the horizon within the arttic 


effect decreaſes from the arctic to the North pole; but 


when the declination is South, the Tu by the ſame rule 


3 FP BE es | VEE 


. 

41660 | NAUTICAL ASTRONOMY. 
is continually viſible within the amterdie, and inviſible 
Fe the arctic circle... . 


1 · The following font Kg "es ending the time = - | 
the ſun's riſing or ſetting is deduced from Art. 7 of this 
Problem, viz. The ſum of the tangents of the latitude and 
declination, rejecting 10, will give the fine of the aſcenſional 
| difference, which turned into time, and added to or ſubtratted 


=} from 6, will new the hour 15 the _ 5 "Rub ng. or Jotting.. 1 
5 | . a It may tbe obſerved; that the How 8 found differs 


= 3 — about from that in the almanacs; this is an allowance 
„ for refaRion; which makes the apparent day about 9 5 
. 8 1 than the aſtronomical _ 15 


. 


As the time of ſun Alm or Cari is not given in 
ns almanacs in a lower denomination than minutes, no- 
tice cannot be there taken of the ſmall decreaſe in our 
longeſt day and increaſe in our ſhorteſt, which | is about 


'6 conſis; of time in 100 years. 5 


: 14. This Lidge 3 in | the length of the 8 0 and de bo, 
| tis produced by the diminution of the obliquity of the 
ecliptic, for the various obſervations which have been 

made to determine it for about 2000 years paſt prove 

© the gradual decreaſe of this angle, but all do not agree 
as to the quantity, ſome making it 30% in a hundred 

E years, and others more; there is reaſon therefore to think 

that the diminution is variable. If it ſhould continue 
to decreaſe at the rate of half a. ſecond annually, he 

_ . ecliptic would coincide with the equator in about 169 
_ "thouſand years, and then of courſe an equality of day 

and night, and Heaps of 1 would e 

prevail. „ ;; 8 
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wies. L 


Given the latitude of the place, and the bun, s declina- 
Gon. . 


Required fs time when the light begins and eng. | 


Exam. At what time does the e . and 105 at 


Lent on the e % of May, 1795? Fe. 
| By the Globe, CE 


3 5 globe being reftified, turn it, and move he 


quadrant of altitude till the. ſun's place in the ecliptic 
ſtands againſt 18 degrees on the quadrant of altitude, 


7 below the horizon; then will the index ſhew the begin- . 


ning or end of twilight, that is, the beginning in the 
morning when thoſe points meet in the Eaſt, or the end 
in the ne when they meet in the . e 


1 


By Projection. 5 = 
2. Draw ZRNH to repreſent the cb of 4 
place, HR the horizon, Z. N the prime vertical, and 
ts a ſmall circle parallel to the horizon deſeribed at 
18 degrees below it (cx1v). Lay off the latitude R „ 


and draw the axis PS and the equator E Q, then de- 4 
© ſcribe the parallel of declination n m for the firſt of 


May, and where nm cuts ts in © is the ſun's place at 
the beginning or end of twilight: through & deſcribe 
the vertical circle Z ON and the hour circle P © 8 
(xc v), then the angle Z PO being meaſured (cv) will 
give the time before or aſter noon when the twilight 
begins or ends. ” 


It is obvious that © as the fun i is at 10 the meridian 
at noon on the firſt of May, its apparent diurnal motion 
is repreſented by the ſmall circle n m, and the arc n 
is the diſtance to be meaſured, which ſhews the time 
from noon to Re na” of twilight: now the arc n© is 


ͤ;— & meaſured 
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meaſured Sy the arc Ex, which is the ſame as the angle 
209 (x1x). J a 


- : Wo: f : 1 


„% th by Calculation. „ 


C , : # 


e 


g 5 ; | Given the co-lat. ZP = | 985 285 - | _ | | 5 „„ 5 5 
_ j the polar diſt. PO = 74 50 53" (the comp. of decl.) : 
= Required the angle Z. P © the hour from no.” — 


5 
3 


- _ 7 The fo ollowing ſolution is the ſame as ſhewn in Art. ” 
EE ' CLXXXI. 37) 8 


%%. OS. 


ti 2 
. e „%% i 


eat 


* — 5 — 1 
4 * 


5 ie is 2 51 fine 979786739 


* 2 i : 


EE n 35 48 33 ſine „ 
ee. 9828 0,2061683 
„% s Co-ar. s. 74 50 53" 153666 
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« | TE ry 8 Sine 74 24' 26 K 9,9887154 
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RF a ol after noon. - Thus the eg, ant at 15 4 44 in 
ebe morning, and ends at 9 b. 855 15% in the evening at Len. 
: don on the juſt of May, 1795. Fx e 


4. It is evident by the bare 3 confideration, | 
; at when the declination becomes greater than the dif- 
Terence between the co-latitude and 18 degrees, the 
parallel of declination nm will not cut the parallel circle 
ts 18 degrees below the horizon, but m will be above 
8. and therefore at that time there will be no night 
in the given latitude, but the twilight will continue 
from ſun ſeuing to ſun riſing. Thus at London, When 
the declination is above 20? 28 (38 28/ — 189) there 


is no total darkneſs: i this takes place about the 28th of 
1 and continues to about che goth of July. | 


* 


8 
DT 


F 


* 


Ae above 3 holds tor any des Latitude ; "that is, : 
| mh the ſun's declination added to 189 is mere than the co- | 
. datitude of « the Place there is no night. „„ 1 


Fi PROBLEM 8. Tie. 44. 


1 the ſun's ads and declination, with the u. 
Sends of the place. 333% ¾ ́ 


> 


dane the hour of the * and the fun: 8 azimuth. 


. Exam. At Lid on the 21 2 June, 1795, the Ars 
altitude was obſerved to be tas 20. : What was the hour, 
end the fun” 5 azimuth - 5 


+ 


ä "Ih the Globe. Fa 
1. The ds ha reklified, turn l. and ade the 
"_— of altitude until the ſun's place in the ecliptic 
. Bo the complement of- the altitude on the 
Mn 7 = quadrant; 
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: 3 then will the inden ſhew the 3 and the on 
quadrant will cut in the horizon the deres of - rip i 


5 robes from the North, 


8 N By Proje dion. ö—1 ũ 


2. Let the primitive circle ZRNH 1 th | 


” meridian of London, HR the horizon and ZN the 


7 prime vertical; make RP = 51 325 the height of the 


pole at n Long draw the axis is 92 the equator EQ; 


lay off EH and Qm = 23® 29' 51”, the ſun's declina- 
tion, and Hr and Rs = 46? 200 the altitude. Draw the 
mall circles nm, and rs, (exiv). Where theſe two 


parallel circles interlekt in © is the fun's PR at Wa 
time. „ | 


Through it 85 N, ede ihe 3 8 2 0 N, 
and through P, O, 8, deſcribe the hour circle Po 8 


55 (xv): : then the angle © PZ being meaſured (cv) vill 


give the hour from as r the EN Z © P will + fed 
the azimuth. | | | | 


4 


It is plain 1 the favs that the arc n © "=? 


: the path deſcribed by the ſun from noon, and that this 


is meaſured by the arc of its correſponding great circle 
E x, 233 5 is the meaſure of the 90 . or 2 P os 


| APN. 


the Fong. F 35% 
5 „ By Calculation. 1 


. In the oblique angled ſpheric triangle P © 2 the "= 
-; fides a are en to find. 101 angles at P and 2. Thus, 2 


* 


V Civen 


{Iv is alſo l that the art y R eaſes the dit. 
tance of the azimuth circle Z © N from R the Nortl | 
point of the horizon, and that this arc is the meaſure of 5 


NAUTICAL ASTRONOMY. "> * 
Given the co-lat, Z P =, 


the co- alt. or zen, ditt. 20 0 =. 43 40, 5 
the co-decl. or pol. diſt, © P = 66 32 9. 


| Required the horary angle © P 2, and 
the azimuth angle 2 © F. 


Boch parts of this uſefyl Problem, are «performed by | 
Art. LXX X11, © 135 1 


3 To find the Boar es? ao 28 © 8 
5 1 . 
66 = 55 pr, 


58 40 * 13 = - 
I ſum 74 20 2 = 
bum — Z . 4% ine 017678374 | 
1 an — OP = © Ot, 56 fine £ 9:1325558- | 


Co. ar. 8. 3 8ů⁵ 28 ; | d | o, 206 168g 

i 5 5 Cours 8. 66 3 9“ 0,0374842 
6» ns 
Kae 21? 55. 15 570576 . 


4 


———_— 


| 43 50 2 = . angle from : 
noon, ; which converted to time is 2 h. 5 "4 26" 12” | 


Hence the obſervation was made either at 11 4 32 „ in the 
. or at 5h. 55 26" in the afternoon, 


4. To fnd the azimuth, = © ZP. is . 


If the hour be previouſly PO 1 1 may hs 


thence determined by the proportion between oppoſits 
. NM 3 . ſides 


3 » 


* : 


tu 
. OY 


Ka inſtruQions, the numerical ſolutions ris left 


F 
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ſides and angles, or the azimuth being firſt found, the ; 


hour may be thence determined; but both are deter- 
mined the ſame way in the firft inſtance. Thus the half 
ſum of the ſides being found as above, ſubtra& from it 
the two ſides which contain the angle O 2 P, and the 


remainders will be, . | | 
- "al 8 rem. 35. E 4% fine 85 : an 


dn rem. 30 40 42 fine 97076224 


— 


1. . | Co-ar. s. 38". 28/. o, 061683 
4; Co: ar. s. 43 40 , 1608604 


mY | Lo = V * 


Sine 8 8. 29" : 0 4444 


8 


—yB 


Een r. from Nah. 


Er the Loads HY TI "BY bone of racy 
names, the ſame kind of operation would have been 
uſed to find the things required; but the fide © P would 


extend beyond the equator E Q, and being therefore 
obtuſe, the declination muſt be added to go®, whereas 
- when the latitude and declination { are of like names, the 
latter is to be ſubtratted from go? „ 


1 
3 


From the five things concerned in this problem, 


Late the latitude, altitude, declination, azimuth, and 
hour, ſeyeral other uſeful problems may be formed; for 
any three out of the five being given, the reſt may be 

Fund by oblique ſpheric ee . 


\ *% 
\ F 


3 ab = the e obe ; 


* 


The following three problems are given with only 2 


— = 


pr the exerciſe of the md: —- 
| PR O- 
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PROBLEM 9. Fig, 44 3 


Given the fac 8 altitude, the hour of the day, and the 


5 latitude of the place. 


| Required the azimuth and declination. 


— 


Exam I the in of the fun Was fn 20 be 460 | 


20“ in the latitude of London, and the time 2 b. 55˙ 5 » 
00 was the is 5 azimutby. and declination 192 | | 


In this problem the data are the he ZP or 1 


the ſide Z © or co alt. and the oppoſite ¶ ZP © or 
hour; and the quæſita are PO or "8 co-decl. and Es 


O ZP or the azimuth. 5 . g 


T ow 3 in the en 3 8 a 3 are | 


given two ſides and an oppoſite angle; the figure may 


therefore be projetted according to Art. X xxII and 
the computation made as in Art. CLXXVII or CLXXXIXS 
Which will give the azimuth 1137; 18's and the declina- 


tion 23” 27 5195 


PROBLEM 10. r. 40 


Given the latitude, azimuth and hour. 
Required the altitude and declination. 


Exam. At Zinn when the fun s azimuth i is IT 30 319% 
and the hour 2b. 5 5 26", what 15 the Juni s ellitude and 
declination Eo „„ 1 


8 


. Fe three things given are the fi de Z P or ES - 
the Cat Z. or azimuth, and the angle at P or hour: 


hence two e and an included fide are given to find 


— 


Free N Dre 


— D 


1 
268 NAUTICAL ASTRONOMY. _ i 
the other two ſides, VIZ. Z © the co- alt. and PO the | 
co-decl. the figure may therefore be projeRted by Art. 
ex xxv, and the numerical ſolution performed by Caſe 
4, p. 80 or 91: thus the altitude is found = 500. 2 20 
185 declination S 8 27 $0” s : 


42 


PROBLEM 11. Fre, 44. 


U 5 1 of che place, the ſun $ declination, 
[ant the bur ofthe dy. TR 2 


joey the lun 8 alirude, and azimuth, 5 


Exam. 5 WH, at is the fun? s altitude, and azimuth 41 London. . 
| on the 277 of June, 1795, at 2h. 55 m. 26 9. : 


1 the three things given are e the fide Z P or TRY 
| the fide PO or co-decl. and the angle Z PO or hour; 
hence in the oblique angled ſpheric triangle two ſides 
and an oppoſite angle are given to find the reſt; the 


figure therefore may be projefted by Art. eXXXI1, and 


| the. calculation performed by Caſe 1, p. 74 or 87, by 
which the ſun's altitude will be found . 20% ai Io. 
| 8 1135 3 180 1 1 


joe 
* 


Several * variations may be made from the five : 
_ things here concerned, but theſe given are ſufficient to 
ſhe w how by ee 5 are . „„ 


3 
A* 


PROBLEM 12. rie. 45. 


e the latitude of the place, time of the year, an nd | 
; the altitude of a known fixed ſtar. 


* 
2 


ame, the hour of the nigh when the es 


. 


1 3 


* 


85 NAUTICAL ASTRONOMY: „ 
Exam, Some time of the night on the if of May,: 1798, 
* ftar Arcturus was obſerved at London to be 45% 20 above g 


the ene at what hour Was the OTA made. 0 


OS 


4 the Acne 8 5 of 1 being 


8 in a Table of the Fixed Stars“ 20% 17 16% 
the problem is performed on the ſame principles ag pro- 


blem 8th, for the three ſides are given, viz. Z * = the 


£o-altitude or zenith diſtance, 'P + = the co-declination - 
or polar diſtance, and AP = the co-latitude; to find 
the angle ZP*, Now the meaſure of this angle is 
the arc E x, which alſo meaſures the arc n &, the path 
that the ſtar muſt deſcribe before it comes to the meri- 
dian : when this arc is known, find the time af the ſtar's 


IR by the . rule. F 


- 


2. From the right aſcenſion of 1 gives far lia 8 5 
7 un's right aſcenſion for - the given day, the difference will be 
be time of the ſtar s culminating nearly. Say as-24b, is ta 


the daily change of the ſun's right aſcenſion, Jo is the time of 
culminating, nearly, to a fourth number; which number being 


 ſubtratted from the time of culminating, webe. will are : 5 


the true time of tbe 8 s Ct ng 


1 


© Objerve 


SE 


The Table How whence FR <li 8 and Aoki N : 


of the fixed ſtars are taken is for the year 1790, without any correction 


for their annual variation ſince that time. The learner ſhould however 
underſtand the reaſon of thoſe variations, and pri the corrections when 


neceſſary. 


By the preceſſion of the equinoxes 3 the bed fars/nr6 e 1 8 
their declinations, right aſcenſions, and longitudes, but they always keep 
the ſame latitudes. The longitude increaſes about 303 ſeconds regularly 
_ + every year, but the variations of right aſcenſion and declination are not 

; regular; ſome ſtars which had once North declination have now South, 


and vice verſa, The neceſſary corrections for annual variation are ge- 
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Ober ve, if the uns right genf ton be great, to add 


24 nn to the ſtar s mw aſcenſion. 


1} The time of the ſtar's culminating being thus found, 
'fubtraQ the angle Z P * (turned into time) from it, and | 
the rem inder will ſhe w the hour WR the 1: harman 


' vas made. . 


18 This 5 being plots 
and by projection preciſely in the {7 
blem 8th; the numerical ſoluti 

- Pee 16 Art. . 8 


manner as pro- 


. 2 * zen. diſt. 
P # polar diſt, 
| 2 * co-lat, 


445 BY a > | 7 | : Cer 35 355 | 
69. 42 44 


In 


wy 


NS « ſum 776 25 . 


* 


; ad rem. 6 42 38 ne W 910676425. 


_—_— _— 


Co. ar. pol. dit. 8,0278143 
Co. ar. co. lat. 15 o, 061683 


— 


1 . . 55 5 . | | | 2)19,0905499 = 
Sine 20? 22 25 5 = 915452704 
'a 


| Angle »*PZ= = = 41 5 36. 


3 


ö 1 6 
p 3 


This 216%; 36“ turned into time gives ah) 44m. 22 8. 


| for the time which 5 elapſe before the ſtar e comes to 


— 


is alſo the ſame. 


7 . ſt rem. 37 57 22 fine n 9889586 | 


the : 


ph by the globe 


- 


: the wer | 
| z $799» i a7 


| 55 The ſun's Agi afcenGon i ie... e 
Ihe ſtar's right aſcenſion i is „ 


Revs, * N 
8 : 5 
+ 


Diff. of right aſcenſion, the time of HL; 
minating neaxrly = -) 
Ihe daily N of the ſun's 8 right aſcen.” 
h is 3. 49%. then as 24: 3.49 :: he 
| % oo om. 8 
True time of the ſtar's e e „ 155 11 30 1 
Time the ſtar has to come to the meridian _ 2 44 23 


= 4306 


— 


The difference gives 1 the hour of obſervation | 8 45 39 


If the obſerved ſtar be in the weſtern part of the ho- 
rizon, or paſt the meridian, addition muſt be uſed, 


which will 19 5 he time of obſervation 14 h. 14 mn. 23 8. 


as. 8 


5 4 From the tolls things here concerned, namely, the 


altitude, declination, latitude, and: hour, three other pro- 


blems may be formed; for any three of the above being 


given, the fourth is s faund 5 the rules of 8 tri 8 


gonometry. 


$A 
1. 
* 


PROBLEM 13 Fre. 46. 


4 


Given the right aſcenſions and declinations of. two 
Wand fixed ſtars, * IX | - 


Required their diſtance ir 


Exam. What i is the di ance between the | ed ftars Ade. 
baran in Taurus, and Algol in Caput Meduſz, the right 2. 


eoufo Jon LY the Farmer being 4 . 2 3: n. 5 3s, and its declina- 


lin 
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ian. Now at che time of obſervation, May 1, 
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PS tion 16 47 25" N. the right afcenfios' of. the. latter = . 


125 569) 34% and its declination ww 8 2” N. „„ 


. This drokdews is ee on the gies ky . 
* quadrant of altitude on the two, given ſtars, which 
 ſhews the number of degrees they are aſunder, for the 
- quadrant: always meaſures the neareſt diſtance on the 
ſurface of a ſphere, and . ee the are * ke 
A great circle. 5 „ 


; ES : 8 0 Lo 27 Projeion. 
The . Caves the two given right aſcenſions 
| being turned into degrees will = 229 19 45 ; this is 
the angle the two meridian circles paſſing through Al- 


diebaran and Algol make with each other at the pole, this 


angle being meaſured by that arc of the equator which 


a is the difference of their right aſcenſions n 


Let the primitive circle be 8 to repreſent the Y 


5 3 or circle of right aſcenſion, which Palle thro! 
1 Aldebarap, | | 


| Tri EQ for the equator, P 8 the axis, P being 
5 the North pole and S the South pole. 7 . 


Dieſcribe the tire of right aſcenſion PA 8 to wake 
the angle BPA = 222 19 45', the ack between 
81 two given right aſcenſions (ein). ; 


— 


{ Deſcribe the parallels 3 declination Bm and C5, at” 
the given diſtances 164 35” and 40% 8 3˙ (cx1v), and 
the interſections B, of Aldebaran's declination, and A, 

of Algol's, with their reſpective circles of right aſcen- 
| lpm, will be the places: or * poſitions of thoſe TN | 


— 
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05 hen draw a great circle BA C through Band A (cx); 
and the intercepted arc BA meaſured by _—__ e111 een | 
the e 8 thole two ſtars. N30 e 
8 lA 1 5 t 


1 By Calcilations : 8 
| "In the oblique angled ſpheric triangle p A B, 
Give the cofectinativn of Aldebarin PB: = 730 5 5˙3 my 


| the co-declination of Algol PA ' = 49 51 57 


ttzt/e diff. of right aſcenſion C AP B= 22 19 456 
Repuired he fide BA, weir diſtance aſunder. e e 


| -Here two ſides ad he included angle being given ; 
: the other fide i is found by Caſe 5 pages 765 2 or on 


Thus by the method i in page 99; 


Side PB 
Side PA 


| , ©» 1 57. fine 98833986 


| u 
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19, 2200029 5 


7 ait. of fides | 2 5 1 40 dne 1 8 


— — —— 


> Sine. Fs Ty DE 31 Leh 2 
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11 9 527 a 8. 18,57 39260 
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4. By the ſame method the diſtance between any two 
fixed ſtars may be found when their latitudes and lon- 


* 


ov. | 


_ gitudes are given; only inſtead of latitude read decli- 


nation, and inſtead nl wee uſe right aſcenſion, : | 


= By the le 2 5 tbe en between any wo 
places on the terreſtrial globe may be found, when the 


latitude and longitude of each are given. Thus the 


: co-latitudes are two ſides of an oblique angled. ſpheric | 


triangle meeting at the pole, and the difference of lon- 


gitude is that arc of. the eee which meaſures the 


{included angle. 5 


* 


+6. Thus Spheric Trigonometry is e to many 
uſeful problems in Geography and Navigation, but the 


" learner who underſtands what has been: hitherto deli- 


vered will eaſily comprehend ſuch applications, as well 
as various other problems of Aftronomy | which are to 


be cons in books 8 this ſubzett. 


7 £ 5 7 & A : 4, — 7 
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Sol "SECTION *. 
vroN THE LATITUDE. 


Vaxtovs MzrzoDs OF FINDING THE Lariresz. 


2. THE moſt practical 8 of finding the latituds 


at ſea is from the meridian altitude of the ſun, or other \ 

_ celeſtial object, whoſe declination is known, and thence 

finding the diſtance from the zenith to the equinottial, 

which is the latitude. of the place; but as it frequently 
happens that the heavenly bodies cannot be obſerved at 


” the 


— 


* 


2. TR the e N as well as in moſt of Z 


_- thoſe that follow, the altitudes are aſſumed as true; but 


| it may be proper here to ſhew how ſuch are found, that 


is, how the apparent altitude is cleared from the effefts 


of Refraction, Dip of the Horizon, Semi- diameter and Pa- 


rallax; and next to ſhew how the ſun's declination is 


found for any given hour, or longitude, from the de- 


clination at noon as siven in the Nautical Almanac. 8 


* 


1 der 1 to Sh the alirade, the following rules 
muſt be obſerved. _ „ 


8 From the 1 altitude ſutra the refrattign ad : 


" the dip, for theſe two things always make the e 
bodies e higher than 125 N are. - TO, 


| 7 . upper limb of the 1 or moon Fe l 1 F 
diameter muſt be e but added, 1 lle lover ln te 


obſerved. 


The parallax nb be always added, 1 it makes thoſe 
bodies which it affe&s appear lower than hoy really are. 


Neither parallax nor ſemidiameter occurs in the all 


tude of a fixed ſtar. 


' Example. 


CY 


On tbe Je fol of June, 17 95, the altitude of the favs s lower 8 
limb was obſerved tu be 60 25 27", the eye being 16 N 


above the horizon. What Was Ze Jar; true e alli- 
. tude a | 


#4 2 


| NAUTICAL ASTRONOMY. 7s - 
the time of culminating, recourſe muſt be had to other 


methods, a YORI of as. will be wy in this Sec. 5 
tion. 5 JJ Oe 
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Appar. 0 make lower lim wy 60 25 aff 
| Refraftion (per req. 9 e 0 Ty 
7 "Pp of Hor. 1 ditto) - 


I 


{ 


— , rs Wb 


The have might be FR VI; in one operation by 
balancing the negatives and affirmatives of the eorrec- 
ions, as in addition of algebra. | 


. 3 | 0 21 ng 
: Sun's ſem. Pa Mus Alm) + In 40 3 
bl (req. OY . i 
HE : 85 — . 8 + 15 53 
| True al. of the ſun's centre. | = RR 50 37 9 5 


a The next e neceſlary i to ba de 1s ” that | 


pf the declination for any hour or longitude, from the 

deeclination given in the Nautical Almanac: this is per- 
formed by turning the given longitude into time, and 

ſaying, As 24 bours is to the daily difference of declination, 

fo is the ſaid, time to the difference between the declination « at 

: Sed * that at the given place. Fe 


2943 


1 8 5 Example. 


5 ; TEE "May 6 16 25 27 | 8 


Daily diff. 5 16 54 


Aa ESP 16 54 | : 10h. go" T 25% 
Then 160 19 23 * 7 * 165 26 48 1 fan's 


declination at noon on cod 54 795. in lon. 158 Weſt. 


35 


What was the ſun's declination at noon on te 50 or - 
Kay 1795) in 85 . os 2 32 — | 


* 


8 


vi. 12 h. 320 8 . . 


5. When the altitude and i are 4 


dhe next object is to find the number of degrees from 
the obſerver's zenith to the equinottial ; and this is the 
latitude of the place, to find Which the following | two 


Rules muſt be obſerved. 


e if the zen. di 72 py” declin. 305 the Jane a; 
that's bs, if they are both North or both South. | 


— Rule. Their difference | is the ws Live the de- 
| clination, when it is greater than the zenith diſtance; * 
| but unlike, when it is leſs. | 


2 OE i the 2en. 55 1 and tel, have contrary names. | 


Rule.” Their ſum i is the latitude, and is always like 
the declination. | 


 Obfferve. The few dipance i is | fall to be North or 


South, mate as 5 the fun | is North or South of the 
| e . 


The above Ruled are heat Nuftrated 157 a cls ; se 


| merk the ſun's declination on the brazen meridian, and 
make the diſtance from this point to the horizon equal 
to the given altitude ; then will the globe be ſet to the 


x „ 5 latitude 


NAUTICAL ASTRONOMY. % 
Ik the longitude had been Eaſt, the daily differenice | 


muſt have been found between the declinations of the 
Ath and 505 of Mays 2 the correttion ſubtraQted, 


If it had 3 8 to "Fra the declination at any : 
other hour, ſuppoſe at 2 o'clock, in long. 1589 Weſt, 
then the time would be two hours later than the above, 1 


1 © NAUTICAL ASTRONOMY. „ 
latitude of the place; and the diſtance from che bia . 
ms to. the zenith will alſo ſhe w the latitudes | 


„ | Example. 
| In which the e foregoing f Rules and Correfions a are e in- 
1 ea . 


2 May 3 1795, in . 1580 We . the 1 altitude ” 
e the ſun's upper limb was found 170 47 25", the ſun being 
South of the zenith, and the obſerver's o bg feet above the 


2 | pry required. the e „„ | : 
J Obſerved alt. of the fun's upper limb - 475 37' BY : 
 Refration = „ 52? | 

Dip. of the horizon "= 4 40” 5 
JJV 15. ©... 
_ parallax! in alt. 8 T 
1 33 8-2 
RI Ds of the EET contre LE : MG 
Zen. diſt, South, — "= l bg 
: Sun's decl. at noon at Greenwich wig 
Diff. in decl. for long. 158% + 7 25 . 
1 Sun's true decl. North „ V 
| f The latitude of the place 5 N. 59 10 43 
5 The loving 1 are numbered aſter thoſe of 
the fo... going Section, and being partly deduced from 
them general direttions only are given with the an- 
7 | ſwers, the reſt being left for the exerciſe of the learner. 


Here, as well as in many other parts, the methods may 
be varied, 1 Boſe of the Projektion. 


— * 


f > 
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| NAUTICAL ASTRONOMY. = 7g. | 


PROBLEM 214. Fre. 40. 


Given the ſun's altitude al fix o'clock, and the day of. 
the month“. | 


| Required the latitude 80 the place, 5 


Exam. On the 21/t of June, 17 95, "tho un s at} at. Po 


1 * Oclock in the evening was obſerved to a 189 - 3 5, 
wel Was the latitude of the Place? „„ 


Here in the right angled ſpheric innate 15 8 PE | 
right-angled at A, there are given the alt. A E195 
9 557. and the decl. TO = ag? Tb to OY 5 


latitude 4 A VP 0. | 


SE g 
I 


Thus are given the 5b. Y ©» Hy hs ws 46/6 


— 


find the angle opp. the given leg, which may be per- 
formed by Art. cLy111, and the Figure conſtrufted by 


Art. n then n the lat. BE: donde = = = 519 325 7 


£17 


PROBLEM "14 Fre. 40. 


"Given the fun 8 azimuth at fox 0 clock. 


Reguind the latitude of the place. : 


* 


: n June 21, 1795, at at fr an in ths evening, the | 
Jun was obſerved to bear 74 64 22" Weſt from the North - 
ns mags Was the latitude of: the e ? i 


Here i in the right angled pheris triangle 2 0 P, right 
angled at s there are . the ns angle O Z 1 


* The day of the 0 RO given, the ſun* 5 dedlicacion i is thence. 

known ; but the repetition of either is omitted in the following Problems 
of this Section, as it is always underſtood that the day is known: the 
declinations a are here 88 8 20 noon, without "7 correction. | 2 
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. 33 9255 and the co-decl. '© P= ; 662 32 Fr to — F. 
find the ley ZP the co-lat.. ! 1 | Fp - 
þ e are given a ſeg OY its opp. angles 4 to find Ro, = 
other leg, which is performed by Art. LX III, and the . 

Figure conſtrutted 15 Art. exxv I: ; thus the co-latitude . 


bs und e 8 28. = 5 1 en 


1-1 PROBLEM 45. Pie. 4 3 
Given the fun's altitude when due Eaſt or Weſt. . 
| Required the latitude of the place. 


Exam. June 21, 179 5 the ſun's altitude os FD Eat - 
as ovferved to wi 309 34 1 e the latitude 4 the 
: Place. | 


Here in 8. right awed qpheric triangle * A 95 right : 

angled at A, there are 25 0 the alt. p 2417 
and the decl. 8 23? 27 51, to find the latitude Po. 

„ . „„ . 

zßp Thus are given the hyp. O and the Teg Ao)» 8 

find the angle opp. the given leg, which is performed 

. by Art. ELVIII and the Figure projected by Art. xxl. 


Hence the angle Ac v © the latitude will be found = 
3 510 32 | 1 


$13 


PROBLEM 16. Fre. 46. 
Given the ſun” 8 amplitude. 


| Required the latitude of the place. - 


1 | Exam. On 'the 21 if of June, 179 55 the fun Was ee, 
9 riſe 39 48 3“ from the Eaſt yore northerly. e 175 
DES b latitude * the 8 


S e 


Here 


e 


* 


Va vriekl - ASTRONOMY: „ 
Here in the right angled ſpheric triangle wol, _ 


* angled at A, there are given the ROS VPO=39? 


48 3“, and the decl. he A = LY 27 51%, to find L408 5 


5 co lat. 2 A We ors 


' * 


Thus are given the Peg * G, 9 1 PO 05 to. > find 


the angle at wv oppoſite the given leg: the ſolution and 


conſtruttion are performed as in the laſt thts which i 


_ will sive the e FP. * TP © = 780 28. 


PROBLEM 17. rie. 4. 
8 the time of che ſun's riſing and i ſenting. | 


— Required the Jatitude of the place.” a 
Exam. On he 21ſt of Jes, 17 9s the foe was as 


15 ſet at 8 b. 12 280 18. TOW Was thy, Tue f the: 


To. 


Here the time after fix o'clock, viz. 2 b. 12m. 28 8. 5 
oi being turned into degrees = 2 33 7 2's which i is the 


aſcenſional difference » A. Hence there are given in 


the right-angled ſpheric triangle © A, right angled at 


A, the aſcenſional diff. A= 332 7 2”, and the deel. 
ASE 280 27 515 to find the co: lat. LA v oN c 


Thus the two legs are given to find an angle, which 
is performed by Art. cx1x, and the figure may be con- 


| ftrufted Is e xxx. The Sp Ano the co- 0-18. = = 


38928. „„ 
| PROBLEM 18. rie. 44. 
Given the ſun' 8 altitude and che ben 5 Ti 


Required 6 the latitude of the 5 
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| 1. NAUrIC AI. ASTRONOMY. 
= Exam. A. 2 b. 55m. 265. on the 23 of June, 1795, Ye 
= * ſun's altitude was obſerved io be cad 20. a wo” 1 
Z pou ne of the Place of gn 2 | We. 


- Here in the oblique angled ſpberie wude 2 2 © * 5 
. Mis: are three things given, viz.” . 


the co-alt. or zen. diſt, Zo =" 143 40 
the co-deel. or polar diſt, Po = 66 32 9, 
; and the r angle 2 P'S w 43 50 7 (= ah. 


„ 
To find he! fide 2 P the coat. | . 


| Thus two fides and an opp. angle are given to find 
the third fide, which is performed by Caſe 1, page 74 
or 87, and the. Figure may be projected 91 Art. CXXXII, 
| e the ee is found. = 365 Vÿ 


PROBLEM 2. rie % 
Giver the ſun's altitude nod azimuth, 1 0 ? . 5 
2 the lattude of the place. | 35 


4 | Exam. June 21 : 1795, the fun- 5 Ae Was s objerved 
yg” be 469 20', when his. azimuth Was 11 3, 3 18% that is, 
5 his bearing from the N eſt was 66* 56 42. '$, 2 telly ma . 
latitude of the place of- obſervation. 5 | 


5 in the oblique angled ſpheric nge 2 Pe 0 
there are given three things, viz. 
the co alt. or zen. dit. ©Z = 45 2 
- the azimuth angle z ? = 113 . 87. 


and the co decl. or pol. diſt OP = 66 32 9˙ 
8 7 the co- lat. 2 P. 1 


5 F a Fa N 1 5 ; ; ; - : h : 
os Thus 


| ._ a 
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Thus two ſides and an opp. angle are given to | find 


; the third fide ; the ſolution is therefore the ſame as in 
the laſt problem. 


ir 


The ladiude may be likewiſe Wand fro walls alti- 
tudes of the ſun, equal or unequal, examples of. vhich 7 
are given. 1 in moſt n of navigation. „„ 


The latitude may be found 4 variety of. ways. by - 


means of the fixed ſtars. Thus the altitude of the po- 


lar ſtar is nearly the latitude of the place, and half the 
ſum of the greateſt and the leaſt altitude of any ſtar near 
the pole will give the latitude. It is alfo obtained from 
the altitude of any ſtar whoſe declination is known (the 


hour or azimuth being given) on the ſame principles 
that the latitude is found from the altitude of the ſun, 
Prob. 18 and 19. In ſhort, this important knowledge 
of the latitude may be obtained by a great variety of 
methods, which afford uſeful practice in. Spheric Aſtro- 
nomy. The ſtudent who wiſhes for further exerciſe on 
this ſubjett is referred to thoſe editions of Robertſon's 
Navigation which have DO e and eee by 
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NAUTICA ASTRONOMY. 


- 


SECTION X.. 


Et AR 


vPoN. THE. LONGITUDE. 


© 
* 


Genznkr in VPON THE Lonertobs, wirt 
A COMPARATIVE VIEW OF THE VARIOUS METHODS 
or DETERMINING THIS IMPORTANT * f 


TH E reins en 0 of 1 nat Aftronomy i is to tell 
at all times the place where the ſhip is; in other words, 
to find the latitude and longitude. This knowledge is 
ſometimes obtained by the common reckoning at ſea 
of courſe and diſtance made good; but various, un- 
avoidable, and often imperceptible cauſes, render this 
kind of computation erroneous ; recourſe muſt there- 
fore be had to other methods, and the heavenly bodies, 
the only viſible guides at ſea, afford the ſureſt means, 

even at land, Tor ps the latitude. INE longitude. 


3 — hb laſt Seftion' it was 1 then the Inttude-i is” 
23 band by the meridian altitude of ſome celeſtial object 
Whoſe declination is known, or from ſome other things 
Which have a known relation or reference to the me- 
ridian circle; but there are no ſuch data for determin- 
ing the longitude. Had there been any fixed object in 
' the eaſtern or weſtern hemiſpheres, its altitude would 
me the longitude upon the ſame principles that the 
Polar ſtar, or any other object in the great circle of the 
meridian, ſhews the latitude; but the diurnal rotation 


the ſun, cauſe a continual change in the altitudes of | 
the heavenly bodies in the above direction, and every 

change of latitude produces a ſtill greater variation 
JV . 


of the earth on its axis, and its annual revolution round 


5 


15 TO thoſe, altitudes ; hence the longitude can never be 
__ Found by the height 'of any celeſtial W W 3 
laborious ang eben eiuer . 


| The 0 ak goding ce e by any „ 
and practical method, and the great importance of this 


Problem to navigation and commerce, have induced 
7 155 > + / ; 8 
different governments to offer immenſe rewards for the 
diſcovery. Such encouragement, united with the power-" 


ful incitements of emulation, honor and ambition, have 


called forth the moſt extraordinary efforts of genius, 
and have produced great improvements both in mecha- 

nics and aſtronomy; and notwithſtanding the accuracy 

with which the longitude is now determined, confider- 


able rewards are {till held out for the e OW 
more N method. N 


a . 


ns may Toba, matter of florian, 3 WOT | 
tion, which is probably the moſt intereſting that ever 


engaged the human attention, is little more than to 


be able to tell what o'clock it is elſewbere; for the longi- 


tude is found by the compariſon of local or relative 
time, and as the hour is eaſily found at the place of 
obſervation by altitudes, or otherwiſe, the only diffi- 


culty is to find the time at ſome other place whoſe lon- 


gitude is known. For as the ſun in his daily courſe. 
paſſes over 360 degrees of longitude in 24 hours, he 
| paſſes over 15 degrees in one hour, and over any other 
ſpace in this proportion; and therefore if the difference 
between the times of any two places be known, and this 
turned into degrees . 144) the OO of en 
is thence found. : 


ff 


"ice if a pere tine e could be ec 
it would abviate all NAY on 5 Tons os and render 
iS | 
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dhe 


5 


286 : | NAUTICAL ASTRONOMY. 5 
the longitude as fimple a problem as-the latitude; 1 
ſuch an inſtrument being ſet to the time of any place: 
whoſe longitude is known (ſuppoſe to that of Green 
wich Obſervatory, from whence we reckon our longi- 
tude) it would preſerve this time in all other parts of 
de world, and by comparing this chronometer with a 
clock or watch properly regulated for the place of ob- 8 
„ the difference would thew the longitude. * _ 


ne ing the grove * of perſection to F . 
which time-keepers have been brought, they cannot be 
_ ſuppoſed ſuch infallible guides to the longitude as the 
| heavenly bodies; the only advantage the former have 
is that of being moſt. eaſily conſulted, but the prudent 
mariner will not truſt to chronometers alone, though he 
may uſe them as helps or checks to his aſtronomical cal- 
culations; for ſuch delicate and complicated pieces off 
' mechaniſm muſt be ever more or leſs liable to be af- 
| feQed by the violence of motion or the viciſſitudes of 
ſeaſon and climate, and muſt moreover, like all other 
produftions of human art, be ſubje& to accident, diſ- 
order and decay ; whereas the heavenly bodies are un- 
5 changeable, theſe only are the unerring time-keepers, 
which Exhibit a true ſpecimen of perpetual motion. 


— 


; 7. are various methods af finding the longitude 7 
2 < F celeſtial obſervations, but all proceed on the ſame 
| principle or tend to the ſame object, which is 20 tell the 
time at Greenwich Obſervatory ; and this compared with 
the time at the place of obſervation ſhews the diſtance 
Eaſt or Weſt from the . Place, and of e hes 


dhe longitude, 


No the Greenwich time is avs 55 the ER of ih | 
Nautical Almanac, 1 | 1s calculated for the "meridian 


| of 


* — 


45 8 
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of that place. Here the time is ſhewn when various ce- 
leſtial appearances take place under the above meridian, 
and as thoſe appearances are ſeen nearly at the ſame _ 
moment of abſolute time in every part of the world 
| where they are viſt ble, the difference between the obſerved. 
time of any phenomenon and the computed time in the almanac | 


Wi, give the longitude. 


* — N 


Thus, ſuppoſe. the, time 3 an eclipſe of he moon 
vas obſerved to happen be 12 o'clock at night, but by 
the almanac it will not take place until 3 o'clock in the 
morning, it is evident that the longitude of the place of 
obſervation is 45 degrees, and that it is Weſt of Green- 
wich, the time eee more . in che Eaſt man! in 
the Weſt. 8 1 5 0 


i 


By this ample . the hs PORTA will 3 the | : 
3 but they happen too ſeldom to anſwer, the : 
e wants o een | 


'S 


The eclipſes of Jupiter's : moons. will 40 aa hs : 7 


longitude upon the ſame principles, and theſe. happen 
ſufficiently often, but there are two inconveniences to 
which they are liable; the firſt is, that Jupiter is viſible 
only at certain ſeaſons; the ſecond, that bis ſatellites 
are not viſible to the naked eye; and as they muſt be 

viewed with a teleſcope, they can only determine the 


longitude at land, for the motions of a ſhip render all f 55 
| teleſcopic obſervations impraQicable at ſea. - This is an 


inconvenience to which perhaps no adequate remedy 


can be ever applied. .. Some .ingenious devices have 


been tried to make thoſe obſervatio ns, but hitherto 5 


without effect. Such an invention, next to that of à 
| perfect time · keeper, is e the greateſt 45 N 


in n navigation. 5 


> 1 * « ry b 1 . 
# * 52 * * L % * A 4 , wer F 
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s Wurfel. x3rhonbuy. I 


The REPEL may be alſo determined by e ſolar 7 


4 eclipſes, by the ſun's declination, by the moon's culmi- 


3 nating, | or by the occultation of a fixed ſtar. Theſe 

1 ſeyeral methods are explained i in moſt books of x naviga- . 
IK tion, but they are not generally praktiſed, a ſmall error 
jn the obſervation being liable to produce a confider- 


me able error in the lOngnade. 3 . 6055 N 


- he So praftical PRONE} that has pen yet 0 - 
tb determining this problem 1 1s by the lunar obſerva- 


tions, which ſhall be particularly 105 and A inak⸗ 
; rated in the e pages. 5 


__ 0 THE „ Loan Onsxnvazions. Fl 


— 


an 3 — 


The idea, bowever, is not modern, but has never been 
applied with any ſucceſs until within the laſt thirty years. 
M. de la Lande, in his Affronomy, mentions ſome per- 
tons Who above two hundred years ago propoſed this 
+ method, and contended for the honor of the difcovery;. 

but its preſent Rate of improved and univerſal practice 


be very juſtly aſeribes to Dr. Maſkelyne, the preſent 


Aſtronomer Royal of England. The diſcovery of this 
method, however, ſeems to claim lefs honor than its 


fubſequent improvement; it is one of thoſe things > 


which are obvious in theory, but difficult in praftice; in 


fhort, more eaſily deſigned than executed. The moſt . 


ancient method of finding the longitude was by the lunar 
eclipfes ; and that of finding it by the lunar diſtances is 
perfeAly analogous; the latter, for inſtance, „ 
when <= WE is a certain diſtance between the fun and 
rs, ED 5 5 moon, 


Et 


The Weihe of Hritling the yorgimds by caking Ihe 
LT lar diſtance between the moon and the ſun, or 4 
tar, is the greateſt modern improvement in navigation. 


: 


| NAUTICAL ASTRONOMY. ll 


- moon, be former when they are at the aria A * 
it is therefore highly probable that this method was thought 
of at a very early period, but the want of proper docu- _ 
ments and apparatus eee its being pur into execu-, 
. 7 a „ )VVV& ß ; 
5 may be clove; "61 in 1 _—_ . 1 : 
1 of finding the longitude by celeſtial obſervations the 
moon is the chief guide or inſtrument, for the quickneſs 


of her motion renders her peculiarly well adapted for 


meaſuring ſmall portions, of correſpondent time: her 
periodical revolution round the earth is eren in 
about 27 days, and of courſe ſhe moves 130 nearly in 
one day, which is about one minute of a degree in two 
minutes of time: thus if ſhe be obſerved near any fixed 
ſtar at a certain hour, ſhe will be ſeen at the ſame hour 


the next day conſiderably removed from the ſtar toward 19 > 


the Eaſt, and will be obſerved'to riſe, ſet, culminate or _ 
_ .. paſs any fixed object in the heavens about three quarters 


bol an hour later each _ than on the preceding one: f 
5 for as Ds 1 + 85 ; e ä 


| e as e moon is ſeen in FR fas part of the 
| heavens nearly at the {ame inſtant of abſolute time from 


8 | "all parts of the earth where ſhe is viſible, and as ſhe 


is continually and ſenſibly changing her place, it is evi- 
dent that if two correſpondent obſervers were to note 
the preciſe moment of their reſpective times when ſne 
was ſeen in any particular part of the heavens, the dif- 
ference between thoſe times would ſhe w the difference 
of \ 1. acmmaa rg oo 112 ors 1 


-In every ork of ohne: the Jodie by the ; 


moon, the "on a ba is to be tp: to aſcertain 195 part 
5 gn” 


2 15 ho | NAUTICAL ASTRONOMY. 
de the aan where ſhe is: this is eaſily ſeen at "the time | 
of her eclipſes, or at the occultation of a fixed ſtar, and 
4 _ | theſe were naturally the firſt methods reſorted to, but 
1613 they occur too ſeldom for general uſe; the moon's 
| place, however, may be marked when ſhe is viſible 
with equal preciſion, by taking her diſtance from ſome 
: fixed objeQin'the zodiac. Thus ſhe may be compared 
to a traveller, whoſe ſituation is moſt ſimply deſcribed 
when at ſome known place, but his ſituation may alſo 
be aſcertained on any part of the road by meaſuring bis 
diſtance from a known Place. 


* 


[= 26 tas don before obſerved, 9040 if two bene . 
der different meridians were to mark the moon's place, 
and alſo their relative time of obſervation, they might 
thence tell their difference of longitude; but as ſuch 
Could not communicate and compare notes ſufficiently 
ſoon for nautical purpoſes, and even admitting the poſ- 
fibility of this, it were neceſſary that the longitude. of 
one ſhould be known in order to determine that of the 
other. Now the Nautical Almanac is calculated to 
ſupply all theſe wants: here the various phenomena of 
the heavenly bodies. are computed. This admirable 
work may be conſidered a perpetual obſerver, who 
- communicates univerſally and inſtantaneouſly the ce- 
leſtial appearances which may be uſeful in navigation, | 
Tr) they take place at Greenwich Obſervatory. Thus 8 
the diſtances are given between the moon and ſun 
and certain remarkable ſtars in the zodiac for every 
three hours, and any intermediate diſtance, or time, may 
be thence found by the rule of proportion, which will 
: be ſhewn i in its * e 5 © 


. ZZ 4 \ 


Hoes it 1s 5 that if der any ada Aa 
lunar diſtance be Perveg, the difference between the _- 
. | : time 5 


g 
* 


| | NAUTICAL ASTRONOMY. „ 


time of: Eber vation and the time in the. AI when! 


. the ſame diſtance was to take place at Greenwich will 


ſhew the longitude. For example, if the obſerved dif- 


| tance between the ſun and moon be 50 at eight o'clock _ 
but by the Almanac the fame diftance of 50 will take 
place at Greenwich at fix, it is evident that the differ - 
_ ence between the obſerved and ed time is two 
hours, and therefore the ; longitude 3 is go*; and it 1s allo 


clear that the Tongitude is Eaſt; the time Verne _— ar 
5 che place of obſervation. 5 | 


A method fo anparcandy e endl have; boa 5 
ccurred, which were D 


| finee? adopted, but two difficulties o« 
not removed until the preſent century; one was the 
want of proper inſtruments, which want has been hap- 
pily ſupplied by the invention and ſubſequent improve 
ments of Hadley's quadrant: the other was the want of 
correct Lunar Tables; for the moon, though fo near 
and conſpicuous to the earth, has always perplexed 


aſtronomers more than any other planet. The various 


inequalities of her motions were never properly under- 


— | ſtood, until Sir Iſaac Newton diſcovered the phyfical 


| laws which governed them, and from his theory the 
late Profeſſor Mayer of Gottengen formed Lunar Ta- 


| bles, Which are found ſufficiently correct, and from 
which thoſe in the Nautical B of the lunar dis. © 


'\ 


tances are calculated. 
Here two Scuiries . 505 800 a ad i 
to occur; and though this is removed by the application 
ok the Requiſite Tables and Nautical Almanac, publiſhed _ 


by order of the Commiſſioners of Longitude, and under 


the inſpeQtion of the Aſtronomer Royal, yet the ope- 


| ration. is fill more tedious. than might be . nor 
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OY | NAUTICAL ASTRONOMY. 
is it poſſible to make. it much ſhorter.” This ariſes en 


the ob/erved diſtances between the heavenly. bodies not ; 


being the true diſtances; for as the altitudes of thofe EP 
bodies are more or leſs: affected by refraQtion and 8 
_ rallax; and though theſe effects only operate in a ver- 
__ tical direction, yet that which. changes the altitudes of - 
two bodies muſt alſo change their diſtance aſunder. 
| This is evident from the conſideration, that the altitude 
ob a celeſtial object is an arc of an azimuth circle inter- 
cepted between the object and the horizon. Now as 
all azimuth cireles incline gradually to each other from 
the horizon to the zenith, where they meet, it is plain 
chat the more two bodies are apparently raiſed, the leſs | 
ill be their apparent diſtance aſunder; and on the 
cCeontrary, the more they are apparently depreſſed, * . 
4 e will be their apparent {ilkance. RWP 


11 was . before, that te „ ; are 


1 aſe by refraction and depreſſed by parallax, and that 
"theſe effefts are greateſt in the horizon, but- gradually - 
1 diminiſh to the zenith, where they become nothing, 
Now all celeſtial objets, except the moon, are more 
affected by refraftion than by. parallax, and therefore 
a appear above their true places; but the moon is always, 
. excepting in the zenith, ſeen below her true place, 


being more affected by parallax than refraQtion, owing 
to her proximity to the earth: the ALY ſtars have no 


. ae parallax. 5 B 


* Thee. effekts f 3 1 5 3 „ 5 FLY | 


| counterakting each other, ſcarcely ever do it ſo equally 
as to render all correction unneceſſary. 


Sometimes 
the apparent diſtance of the moon, from the ſun, or a 


n nearly a whole degree more or leſs than t the true 
„„ „„ = 
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| NAUTICAL ASTRONOMY. i 
The principal cauſe of ſo great a difference. is the 
.moon's'parallax ; for this body, which is the chief guide. 


in finding the longitude, is alſo the great cauſe of error oy” 
in the diſtances, 28 55 is LDF een che Pie A way „ 


correłtion. EE Ts . 

In in a ; low lands four perſons are gene- 
rally employed, one of whom takes the diſtance, two 
the altitudes, and the fourth notes the time: theſe things 
ſhould be performed at the ſame inſtant; and if the 
obſervation be repeated ſeveral times, and a mean 
taken, the work is likely to be the more correct; and 
every care is, here neceſſary, for the ſmalleſt error in 
this part of the operation, particularly in taking the 


diſtance, will pervade the ſubſequent parts of the work, | 


| : and will of courſe produce a wrong ſolution. The 
manner of adjuſting the inſtruments and of making the 


_ obſervation is beſt taught by practice; but thoſe who 
wiſh for written inſtruQtions on the ſubje& are referred 
to the Britiſh Mariner's Guide, or to Mr. en 15 
| Youre 9 80 the e „„ e 


5 Or < CORRECTING THE Avena OF THE : OBSERVED | 
| | | Onxers. » ; TY 55 1 


* 
4 EA 5 


When a lunar 0 is 8 ties firſt thing te to 
he done is to clear the altitudes from ſemidiameter, dip, 
_ refraction and parallax, and this is performed upon the 
Tame principles as in TR 178 mani the latitude. Ps 


4a 


% 


10 ee ee the moon's altitude, her ali mk 5 


be previouſly calculated ; which is done by ſaying, 4 


Tadius is to tbe fine of ber zenith diſtance, ſo is the fine of 
ber borizontal parallax (as given in the Nautical Almane) N 
. 1 . e in . CCT 


E 


g 194 IE NAUTICAL ASTRONOMY. „ 
In dine the moon's altitude an allowance, ſt - 
be made for the augmentation of her ſemidiameter, 
| which: gradually. takes place from the horizon to the WY / 
zenith. This increaſe is given, in the IVth of the Re- . 
| quiſite Tables, for every five degrees of altitude, which 
"4 | correGon: is to be added to her horizontal lemidiaine- 
ter cabs in os Nautical Almanac. EG 


: The on of the moon's . is. 
1 cauſed by her being nearer to the ſpectator in the zenith 

"than, in the horizon by a ſemidiameter of the earth. 
Be or the magnitude of a body is in the inverſe ratio of 
| its diſtance from the obſerver ; and as the earth $ ſemi- 
diameter bears a very ſenſible proportion to the moon's 
| diſtance, ſhe is ſeen under the greateſt angle in the ze- 
; nith, which angle gradually diminiſhes to the horizon. 

This ſeems: contrary to a TN but, it is confirmed | 
by oblervation. at | „ 

BE "Thee: W es. other corrections of the altitudes _ 
| which may be neceſſary in caſes of peculiar nicety, but 

are ſeldom noticed at ſea. Theſe are, —an allowance 

for the contraction of the vertical ſemidiameters of 
theſun and moon by re fraction: a correction of the 
moon's parallax, ſuppoſing, according to Sir Iſaac New- 
ton's hypotheſis that the earth is a ſpheroid:—a correc- 
tion for the refraction according to the actual ſtate of the 
} atnvoſphers as ſhewn by-a thermometer and barometer, 7 
and not according to the mean aſtronomical refraftion | - 
ich is commonly uſed. Theſe correQtions, though 
perhaps neceſſary toward the perfection of the longitude, 
being very ſmall, and frequently counteracting each - 
other, are generally conſidered of little conſequence in 
nautical Practice, 999 e errors are ee . : 


— 4 


b 85 . N 5 3 MS : : 
R ; 5 N \ - | 
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' NAUTICAL ASTRONOMY." Fi es ; 


Hh the EY Nu A lind to fud the true Diftone POR a 


It is ly to concelye, that by a lunar obſervation - 
the three ſides of a ſpheric triangle are meaſured in the 
7 heavens, which are the apparent co- altitudes of the 


: obſerved bodies and their 5 eee aſunder. 8 


The „ or 8 ds being „ 


the queſtion is to find the true diſtance between the ob- 
| ſerved bodies; but here there are only two things given, 
and therefore it cannot be done until the angle at the 

| zenith is known, which is determined by Art. een 5 
h from the three given fides of the triangle. : Fo, 


34 "£5 A 


Bs 18 effects of parallax, 8 Se. operate: 
| aw in a vertical direction, it is evident that the cor- 
reQions of the zenith diſtances or containing ſides will 


| not change the included angle at the zenith; and there- 


fore three things are now known, namely, the corrected 
zenith diſtances and the included angle, from whence 
he other ſide is determined by Axt. exe, and this fide. 
is the true diſtance ſought. If the obſerved bodies 

be both in the ſame azimuth: circle; i the difference 5 


between the true altitudes will give the true diſtance, 


and then no triangle is formed: but theſe things will 
be more clearly underſtood by projecting a lunar ob- 
ſervation upon ſtereographic principles,” and applying | 


A - 2 * = 


1 the correftions as in the TOURING EN 


* 


In the FEED. pages _ e are 5 as 
cleared of dip and ſemidiameter, theſe operations being 


deemed too bwple” to ah He wy SOPRANO, 5 
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| NAUTICAL ASTRONOMY. 


* 0 rue a Lunar OI/ervation Aereegraphicaly, a and i thence 15 
0 eftimaze the true We 5 


"EXAMPLE 1 


dhe the apparent altitude of the moon's contre. 24 M 
| that of the r 21 35, the apparent di tance between their 


S7 


"Fre: 47. 


c centres 119 20 34, and the moon's horizontal parallax 58; 


zo ward the figure and meaſure the true diftance. 
The queſtion bete i is, firſt to project a ee trian- 


: 25 28M from the three ſides given, namely, the co- 
altitudes or zenith diſtances of the ſun and moon, and 
their apparent diſtance aſunder; ſecondly, to apply 


the correttions of the altitudes for parallax and refrac- 


tion; and laſtly, to draw a great circle through the 


places bf the true altitudes, and meaſure the TI 


| rn which will ſhew the true, diſtance nearly. 


be 


Me the FI SM is given = 1195 20 34 „ che: Sls | 
82 (the fun's apparent zenith diſtance) = 68* 25, and 
the fide MZ (the moon's apparent zenith diſtance) = 
65 453 to project the e which i is e . 
onda exxxVI, thus: CE | | 


" . * * 


14. With the focep of 60 from 5 ſcale of 5 ©. . 


: 7 the primitive circle HZ RN, and draw 2. N and 


HR. at right angles to each other. os [- 


SY 1 


Then Z repreſents the Zenith and HR the horizon. - | 


1 


2. As ds bons altitude requires the greateſt c Sor. 


reQion, let this be put on the primitive, that is, lay off 


; the 2 ce of the moon. 55 


22 15 from the ſcale of chords from R to M, or what 
is the ſame thing, lay 67 45' from Z to > My 8 is M 


85 Draw 


: 
| 
4 


Hy 
8 


krom her zenith diſtance. 


- 8 . 9 | > > 


NAUTICAL ASTRONOMY. 1 


3. Draw the diameters MA ond BC at right angles "* 
5 97 each other. 


e 


4. Deſcribe the fmall ces ke a to HR with. 


the tan. 68* 25 (the ſun's zenith diſtance) exry thus, 
on the line NZ. continued lay off from the centre of 
the primitive the ſecant 68* 26, which will give the 
| centre of hr; then with the tangent. 68? . and one 
foot i in this centre deſcribe hr. f 9 


; 2 
4 Fe 


. i a Ros meu Wefcaie he oils eld ie. 


Where bc and h r in- 5 


6. Through the three points N, 8, 7. draw hs great | 


. elircle NSZ, and through M, S, A, draw the great 
circle MSA (xcv);. 


then is MS the apparent diſtance. 
between the . ang, moon, and 28M 1 inen 


5 ee, 


27 0 > ppl the Correttins. 5 


7. Lot ROE moon's parallax i in altitude be hd 56 10 


7 garithms, or by. the line of fines on the ſcale, and let 
this be leſſened by her refraftion (Tab. I.) and at the 
difference off upon the primitive from M to m. 


1 


This correction may be aſſumed ſomething leſs than 


2 degree on the ſcale; and as the moon appears below 
her true place, ſhe is to be here raiſed, that is, the cor- 7 


reQion is to be added to her _— or eee 


? F 
, 2 
: 4 
5 


8. As the ſun appears Bore bis true place, Mi re- 


| fraction leſſened by his parallax (I and III Req. Tab.) 


muſt be ſabtrated from his altitude, or added No his 2 ze- 


og „ 


parallel to BC with the tangent 60 39 26" (the ne 5 
ment of the apparent diſtance), 
— terſe | in S is the apparent place of the ſun. Dt 
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10s NAUTICAL ASTRONOMY. 


© eſpecially when his altitude is great, it may be aſſumed 

in the projection as near S as poſſible, ſo as to make a 

1 viſible diſtinction between the points 8 and 85 then s 
e the ſun' 8 true Place. | 


great circle (xcv1. 2), then will s m repreſent the true | 
_ diſtance, © which may be meafured by Art. ii, and 
will be found about half a Sees leſs than the Prat 


when the ſtar's altitude is under ten degrees, but when 
the diſtance is above o degrees, it may be taken for a 

| Barbs rule that the correction is ſubtractive; and this 
- is eg in * to the altitude of the fun or ar, _ 


I Ho E * A NLE I. "Fig. 48. 


nith W and as this is a very ſmall. e Son, 15 


9. Through the points m, — „ act WB arc of a 


| s 6 1 62 ; 158 2 ng ET us 


N 3 


x0. The true. ee 5m may be here nes, by 


conſidering that the apparent diſtance SM is nearly 5 


double the ſun's zenith diſtance S Z; and therefore as 
the chief correction is applied from M toward Z, the 


arc SM will be leſſened at every ſuch as hag 


one half as much as the arc ZM. 


11. Hence it is om: that when the "WIEN diſ- 
tance is greater than the ſtar's co: altitude, the correction 


is ſubtraQtive, that is, the true diſtance is leſs than the 


apparent: an exception to this ſometimes takes place 


— 


4 * 
* 4 o 


iow the moon's apparent e 1 35 21 5 Thar if a 7b 
1 18 their apparent diſtance 65 27 30", and the moon's 


Ne to parallax 60 2 25 3 to project tbe figure, Oc. 


1. Let the primitive be en with diameters at right 


rent  akitude 9 


2. Draw 


1 5 8 . | % 
5 s * RN 7 


f be. as in the laſt ee, 9 Ry. off the moon's 
ap ; 


5 
* I ANN OD 
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5 Den MA and BC at right angles; and parallel to 
HR and BC draw the {mall circles hr and be; the ar 
with the tan. 11 42' (the ſun's apparent zenith diſtance) 
and the ſecond. with the tan. 255 5 305 (the ee 


: 

* : 
8 7 4 8 
8 4 * 


1 +2 diſtance) DEV. „ „ „„ 


+, 3. Where theſe ſmall Hes 17 and bo tei in 1 | 


S is the ſun's apparent place, and therefore through 


the points M, 8, A, and Z, 8, N, draw great circles 


(xc); then is SM the SPENT EOe: 0 $ct and . SM. 
| 08 triangle eee, | | 


= Bb ; apply the Cirreftion.. „„ 


45 Hare the moon's ae bed ſmall, har parallax 
may be aſſumed nearly a degree, and let this be laid off 


on the primitive from M to m, .which will give m the 


- moon's true place; and the ſtar's altitude being great its 
refraction is ſo very fmall, that s its true place may be 

_ aſſumed as near 8 as poſſible, and let the arc sm. be 

drawn (xcv1. 2) which is the true diſtance, and being 
meaſured by Art. C111, will be found nearly a whole 
degree leſs than the apparent diſtance SM. For the 
moon and ſtar being here nearly in the ſame azimuth 
_ circle, the moon's correction which raiſes, and the ſtar's. 
which depreſſes, make thoſe objects as it were approach 
toward cach other, and this nearly the ſum of their cor- 
rections. If the obſerved bodies had been both exactly 


in che ſame azimuth circle Z R, the ſum of the correc- 


tions of their altitudes would be the correction of their 
diſtance. Thus if the moon were the lower body, and 
the correction of its altitude 30% and that of the ſtar's” 
altitude 5 it is evident that the true diſtance would be 
35 minutes leſs than the apparent; and on the contrary, 
if the moon | be the 8 5 and che, correttions of 
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their altitudes be. 5 and 30 reſpeQively, it is . that 
the true diſtance will be 35 1 minutes more chan the mw | 
. i . 55 15 


8 
- 


From theſs 3 it is 1 Pk 5 the _ . 


moon is the lower hody, the correction is always ſub- ee 


1 that is, the true diſtance i is leſs than the appa- 


rent: but the converſe of this only holds in a certain 


degree, for when the moon is the bigher body, the true 
diſtance is not always greater than the apparent, er 8 
it can never be ſo but 1 in this fituation. _ . 


* 


Wben . fine of the; moon 80 i is to 5 at the 2 
| far $ as radius is to the co- ſine of the obſerved diſtance, 


: | then there will be little or no correQion neceſſary ; but 
when the moon's altitude is greater than the ſtar's be- 


. yond this proportion, the correttion is additive except | 
when the diſtance i is above 90 degrees. TE © ; ” 


Although the corre&tion additive dos not occur 
| frequently as the ſubtractive one, nor is it in general ſo 


great, yet in ſome particular caſes it is the greateſt; when 
the ſtar's altitude is about 3e and the moon's 2 in the 


ſame azimuth circle, the correction will be ſometimes 
| above a degree additive; but the correftion ſubrraflive 5 
is never fo much as this. VV 

: | =, 


7 2 a Lunar Olfroatio by a new and as Projetion 8 


The . of this i important problem being 5 . 8 


prolix and operoſe than any other i in Nautical Aſtro- 


nomy, different methods have been deviſed for obtain- 


ing a rough ſolution by Projection or by a graphic | 55 


5 = F "The ure N of 3325 3 . 
1 was -| 


* & F 2 5 I, x 3 ; ? 
; VET 8 f 76 . 


| NAUTICAL ASTRONOMY. | 2 a 


was che Chaſh ede Reduction of la Caille: other ingenious 
methods have been ſince contrived, but the moſt ap- 
proved performance of the graphic kind is that lately | 
executed by Mr. Margetts; a work of ow honey” 
| ingenuity and correfineſs. 2 DE OE 


x 


"The following method} is different from. any n 


d. both in form and ſimplicity of operation, 
being immediately performed by drawing four right 


lines; and though it cannot be ſuppoſed that fo com- 
plicated a problem can be ſolved with perfect accuraey 
by ſuch a ſimple projection, yet it will be found to give 
the ſolution with ſurpriſing exaQneſs, eſpecially when 
neither of the obſerved bodies is very near the horizon 
= or the zenith. And ſuch extreme altitudes ſhould not 
be choſen when others can be had, being moſt liable to 
; error, by whatever method the work} is wee; 


: The tele SS i are to be uſed in this Projeftion are 
e line of chords and its correſponding line of ſines; the 
altitudes are laid off from the latter and the diſtance from 


the former, and the correQtion is alſo meaſured by the 
line of chords, every degree of which is reckoned only i 
a minute of cortettion: this circumſtance bd 0 large a 


ſcale is of great e e 


8 


R. 


7, 


55 | Haying the 3 ede and e given, and . 
the moon's horizontal parallax as before, draw a line 8 


= 
$ + 4 


| pleaſure, which call the Lunar Line. ö 1 


ren another las to mike an angle with thi lunar — 
line equal to the apparent —_— which 1 be called 8 
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3 NAUTICAL ASTRONOMY. . 


each degree oft 


\ 


From th angular point lay off the ſine of the moon 4 
and of the ſun's altitudes upon their reſpedive lines. 
and mark che points to Which wy CO ore 


— 


Through each- of theſe” points draw a limb 3 a 
cular to the lunar and ſolar lines, and mark where theſe 
two perpendicular lines interſett each other. 8 


* 


The neareſt diſtance from the junas Tink to . 
ey interſection will give the firſt correction, reckoning 
e ſcale a minute of correction, and * 


ibis be called the Line of Corretion. a” 


The correQiion is always ne when the line 


; of correQtion ! is at the ſolar fide of the lunar line, but 
: 88 it 18 at the other ſide the Fora tony is 1 8 . 


From the Line of CorreBlicn = the Moo! s eral Pa- 2 
rallax, to find the {ſecond or perallatiic Correction. 1 5 


7 the correction be Jubtra@tive, divide! it by 7, Hd he, 
g' (the difference between 58 and 62, the greateſt 


N 3 leaſt horizontal parallax) is to the quotient, ſo is 


the difference between the given horizontal parallax and 
62 (the greateſt parallax) to a fourth number; which 


ſubtracted from the firſt correfion will give the true 1 


correction. „ 5 | | 1 | 


1 7 the bn be additive divide it 95 6, aud] 2 
as 9 is to this quotient, ſo is the difference between 


. 53 (the leaſt horizontal parallax) 'and the given hori- 


; zontal parallax to a fourth number; which added to the 


| birt Si will give 4 true correction. \ 


1 K 8 I ! : 
P : : » 5 
: \, ww * 


ho calling each degree on the chords a minute, will be 


r e 
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reren 22 
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9 EXAM P LE 76 Fre. 49. n 


8 
n 


Civen the moon's apparent M. 22⁰ 1 x | ” i 
the ſun's or ſtar's apparent alt. 4 %%% nie 1 
25 the apparent altance; 119 20 34 „ § 

the moon's horizontal parallax. Q- 58 „„ 


To find the corre@ion and true diſtance. : 


. 


. the tins ne AB at pleaſure. ny rin 18 1 
tins AC to make an angle 1 why 205 eee equal to the - 


obſerved LICE. = ns 


5 


e e eee e 
— * e 


em the 5051 1 lay ol the five of. the moon's alti- IN 7 | 
| tude to AD, and that of the ſtar to 1 . 1 


N 2 
7 


enen che points 5 po * h perpendicular, 
lines, which will interſect in D; then is D) the firſt 
correttion, which, meaſured on the line of chords, and 


5 * 3 — — * —— 
E Den 5 — * Nt 2 * 
EF re WM er n — — . . — 

* * r re! e r — <c = r rey 7 r DI 7 — 
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found g 36 and being on the folar or ſtar's lide of the | 
lunar Wa it is eee RE 8 


— 
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4 To fud the Correftions for Paulas 5 5 Ch 5 


. =: then 5 57% : . : 24 n | 
5 and 36 — 2 4 = 2 332 15 eorektion. Ss 

App. diſt. 1195 20 34 . . | | = 
Correction 0 33 40 VVV 
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the reſult by COLI lee Page 08. „„ 
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14 N E. Xx A M P 1. E. 1. Fig. 50. i 
5 "Given Moon's apparent altitude | 1 a1 

F . | Star's ditto _ „ 18 
5 Apparent diſt. „% oi 08. 27 50% | 
8 I 1 +4 Moon's horizontal 4 1 025. . 
5 To find che correction and true diſtance. F Ws - 


. | + Let ABC be deſcribed to make the angle. at 4 95 
: |. 27 30", the apparent diftance, and lay off from the 
line of fines Ab and A equal t to the moos and tar” 's 3 

; alitudes reſpektively. oi. 


RY Through » and * draw perpendicular es which 
-..* will meet in D, then is DD = 56 the firſt correQion, 5 


7 


$ * : "1 and i is 22 985 being on the fide of the ſtar. 1 5 
„ | 55 BN "To ns the Correftion for Parallax,” =, 5 N 
20 5 - 5 chen : 'S:> 14 (62 — 608) : + nearly. | 
5 ; 2 Then 56 — 17F= : 54 30 ths correAion. 


„ Apparent diſt. 65 $790 37 oth OR oi 5 


5 = | . | : ö a — — — — 3 S 


33 Po 33 © the true n bling = 
2' leſs than the reful by ny ſee the laſt - e 


EXAM PLE 111. Fre. 61. 5 


5 
F * 


"Given the Moon's apparent altitude 2 559 1 Ft 
the Star's apparent altitude i „ 5 
em dinenee 50 8 41” 
155 Mloon's horizontal parallax 1 1 0 15 
"To find the correftion and true diſtance. £7 


. 5 
8 2 1 


— 4; 


Draw ABC as. before, nakite the angle at * 
8⁰⁰ 8 4 the parent diſtance. 
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, 


8 
TY 
— 
200 
—_— 
"z3 
3 
. * 
3 
Is 
- binx 
* 2 4 
iS 
OO - 
1 
. 
3 
© HE 
$ * 
28 
N 
222 
#3 
92 
- £1] 
3 
* 
_ 
. 1 » 
© BYE 
1 
. N 
6 
= 
* 4 
+ WH 
IS 
3 
Te 
#2 
Ba 
* 
7 
3 
4 . 
* 1 
EOS 1 
* 
| 
9% 
0 
- 
_ 5 
i 
* 
EIS > 
4 TS 
7 
þ 
f 


#7 . 


3 Diſtance. 
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Is Correction ............ 


T +0 25 = 
+ 749. 0... 


0. 58 16 


99842242 
8.220084 


3.201 


0. 0.42 


=, 2, 4 2 EY : 
*  Padpparent Zen. diſt... 
| — dill... 


66.27 .30 
7499. 
11.42. 


12*Remainder.._........- 


; Same We] 
nun DISTANCE 


7554.16 
e 


7344 10 |..... 
11.42 12 : 
1=Suml 1014638 521, 
.........S] 97120460 


151.48 .30| 


64. 12.15 


31. 0 59 
15.12 .31 


15.12.31 
e S| 9727530 


Ro 


Ar. $| 0015775861 
4 ; Oey 


83401979 
99544110 
8 99822031 
. 8 0307162 


—— — — 


94343392 
9413854 


— — — 


— 
34 


Fro; 49. 


64.33 2 


5 
* 
2 


* 
* 


83 f y - 
* „0 
2 3 cert 


Br 


19ra0d for Kellys ee 


— — | 


8.24486051 


16.15 . 50 


9 


i Nuw PII 


V'- 
i 
ey F 
— 
— 
— 


D for — 2 wnar Yar NCes z 


I 


— 


| — — Lunar OVneraion 


—— — —— — —ů— — 


A Fo RLE + 


* 


— ],]. —·———ôÜ DHS OV Es I AA TP te IE LAs IT > nm Ss oo ern eons 


— 


. L 

——— . — — — 
ö 3 £22 

: 55 ; b 

— \; 


f 
£ 
1 "<p 8 1 


A 


* 
—— — 
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= | 1 * r Apparent Aletvde - 5 
5 Apparent Piſtanoe . 

eee, . 3 


| 


— — ILIIVy 


| an To find che 
„ True diſtance 


4. 5 Ys Horizontal Parallax... 2 : — 5 

„ | 5 Apparent Zen dit. | 8 . — 

g 5. Farallaxin Altitude = .- j 

J | Js Refraction.... £ 5 | 

| | 2s Correction Trae At] = 

De = * Corr*or Refrac* SHES i True Alt; | F 

„ 1 a — SPI „ 

* 1 - 2 jy 1 | = 
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By 1 the true diſtance i is found only. 7. leſs 
than the apparent. . . „ 
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This projection ſhews, that 1 the ine 6K the angle 

Is »* (the complement of the diſtance) is to the ſine 
1 1 Fog (che ſtar's altitude) as radius (or D A) is to 4 
155 A 85 moon's altitude) then the correftion muſt be ſmall. 5 


8 This rule, which Was given in page 200, may he 5 
N nnd very uſeful as obſervations made when the bodies 
ga are thus ſituated will require no correction, unleſs per- 

felt accuracy * 0 this c can be © attained 4 cal. 
for culation only. | 
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It was before explained, chat a lunar obſervation de- 
| termines. the three ſides of a ſpheric triangle in the 
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do dies and their diſtance aſunder, and that the buſinefss 
-— _ - of calculation is firſt to find the true altitudes, next the 
angle at the zenith, and laſtly from the two correfted | 
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Ikhuis operation depends upon the e jor two 
ſpheric triangles, in the firſt of which three ſides are 
given to find an angle, and in the ſecond two fides. and 

an included angle to find the third fide. The firſt re- 
fult may be obtained by Art. LXXXII, and the ſecond _ 
buy Art. cxc, and by obſerving the ſimilarity, between SY 
mme concluſion of the former Article and the beginning 
ol the latter, the reaſon of the following contractions 
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_ repbnted at full length with two. Dose che laſt ob - - 
which is given upon the plate with the formula. . 
In making trials of the different methods of ſolv- | 
ing a lunar obſervation an impoſſible triangle ſhould. 5 
never be choſen; that is, in aſſuming the altitudes and 


1 diſtance, no one ſide of the triangle formed in che 


heavens ſhould be greater than the other two, This 
. caution againſt ſo. obvious a miſtake might ſeem unne- 
5 ceſſary, had not overſights of the Kane: been enen 
in works of the firſt e . | 
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Fer wor king the Lunar Otſervatiun. 
1 To the ſine of the moon's horizontal parallax add ; 
1 75 che ſine of her app. zen. diſtance, the ſum, rejecting 10 
in the index, gives the ſine of her parallax in altitude, 
: and this lefſened by her refration (I Req. Table) will 
give her correQion, which ſubtracted from her apparent 
_ diſtance, gives her true zenith diſtance. 
From the ſun's” refrattion ſubtra@ his parallax 
(a ples III Req. Tables) and add the remainder to his 
3 apparent zenith diſtance, which will BYE; the true (Ef ; 
nith o 1 
3. Add together the obo en and: the: i” 
parent zenith diſtances, and ſaubtraft each of the two 
latter from the half ſum, noting the remainders. 
rb Add together the ſines of theſe two remainders, ä 
the co-arcs of the ſines of the apparent zenith e 5 
and the ſines of the true zenith diſtances. = 
5. From half the ſum of theſe fix logarithms ſubtrall . 
the ſine of half the true zenith e and the. re- bo 
mainder is the tangent of an are. i 
6. Subtra& the ſine of this arc from as wit bait” 
ſum, and the remainder 3 is ms fine of half the true d. 5 
„ „ 1 
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NAUTICAL Zero. 1 20% 
repeated at ſull length with two Examples, the laſt of. 


. 


tance, no one ſide of the triangle formed in the heavens 
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The rende between the Greenwich time and the 
i time at the place of obſervation, n into de. 


0 Srees, ſhews the longitude. 
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Ig the proportional time, 
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